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PEEFACE 

TO THE FOURTH EDITION. 


A NEW Edition of my Course of Qualitative Chemical Analysis 
having become necessary, within two years from the appear- 
ance of the last Edition, I have again been guided in the 
changes which I have made by the experience gained, during 
the last six years, of its w- orking witlx large Laboratory Classes. 
The Plan of the Book has been left undisturbed. The few 
alterations and additions whicli the more recent progress in 
Chemical Analysis rendered necessary, have been carefully 
executed ; and the original purpose strictly kept in view, 
for which the Book was written, viz., to serve as an Elemen- 
tary Text-book for large Laboratory Classes. o 

The notation employed throughout is that of Dr. Frankland. 
An experience extending now over a number of years, and 
gained with students of very varying abilities, has shown me 
that this notation greatly facilitates the teaching. It complies 
with the doctrine of Atomicity, which may now be said to 
have struck firm root in Chemical Literature, and the Chemical 
Formulae of Inorganic as well as Organic Bodies, will be found 
expressed in accordance with this comprehensive and elegant 
Law. 

The study of Chemical Analysis, when properly conducted, 
introduces* the student to a vast number of changes, the 
verification of which requires, in no mean degree, the cultiva" 
tion of habits of close observation and exact reasoning ; and 
as a means of mental training, Chemical Analysis cannot fail 
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PREFACE. 


to acquire a foremost place in the Curriculum of a Liberal 
Education. 

The methods which I selected in this work have stood 
the test of many years* practice under my own eyes. They 
are, I believe, well adapted for promoting accurate and ex- 
peditious work. Students who apply themselves steadfastly 
to the study of analysis, usually get through the course in 
about six months, and have time left to gain some practice 
also in Quantitative Analysis, dm*ing their first year’s study. 
The foundation for this latter branch of Chemistry having 
been laid by the Qualitative Course, they have, in most cases, 
only to acquii'e the necessary manipulatory skill to conduct 
quantitative operations successfully. 

The reactions of the Rare Metals have been treated some- 
what more fully than usual, in an Appendix. The indhfi- 
duality of the metals as well as the classification which 
natxu’e itself has traced out for them, have been retained as 
much as possible. I trust that the additions made in this 
New Edition will increase the usefulness of the Book and will 
gain for it many new friends. 

The Analytical Tables are published also in a separate and 
all but indestructible form, printed on Messrs. De la Rue’s 
parchment paper. 

Science Schools, 

South Kensington, 

Sepiemher 30 ^^, 1873 . 
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A COUKSE 


OF 

QUALITATIYE CHEMICAL ANALYSIS. 


* Chapter I. 

DEFINITION OP QUALITATIVE ANALYSIS. — RE- 
AGENTS. — CHEMICAL OPERATIONS. — GROUP- 
REAGENTS AND SPECIAL REAGENTS. 


Chemical analysis consists in the performance of certain experi- 
ments : — with the object of putting, so to speak, certain questions 
to a substance, in order to ascertain the presence or absence of 
certain bodies. It is termed qualitative analysis, if the answer which 
is received reveals merely ivhat hind of matter is present (from 
qualis), without regard to quantity. It is essential that these 
questions should not be put at random, but according to a well- 
considered systematic order ; and that the answers should be inter- 
preted correctly. 

There exists a resemblance between certain elementary as well 
as certain compound bodies ; at the same time the metallic, like the 
non- metallic elements, bear the stamp of a marked individuality 
which renders every classification, from whatever point of view we 
attempt it, more or less difficult — a difficulty which extenfts likewise 
to the various compounds which the elements form. Thus silver, 
which is classified with the monad metals potassium and sodium, 
differs in a marked manner from the alkali metals. Iron, which 
exists in the dyad form in PeCh (ferrous chloride), and in the 


tetrad condition in 


PeCla 

PeCls 


(ferric chloride), partakes in the dyad 


form of the character of the isomorphous diatomic metals of the 
magnesium group, e.g., manganese and zinc, and resembles in the 
tetrad form aluminium and chromium. Copper, which in its cupric 
compounds offers certain points of resemblance to the magnesium 
group, resembles also in many respects the^ metals of the mercury 
group the general composition of the cuprous and mercurous and 
the cupric and mercuric oxides and chlorides being the same. 
Inorganic (as well as organic) compound bodies bear, for the most 
part, the impress of the elementary bodies which enter into their 
composition ; and compounds built up of elements which have equal 
numbers of iDonds, frequently show a ceri ain analogy in their struc- 
ture as well as a considerable similarity in their reactions. In 


• H. Wurtz, Le9on8 de Philosophie chimique, p. 170 . 

B 
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REAGENTS. OHEmCAL OPERATIONS. 


studying the chemical changes to which the various bodies — elemen- 
tary or compound — can be submitted, our attention must be mainly 
directed towards discovering and defining this similarity and dis- 
similarity. 

We employ reagents as the means of producing chemical changes. 

^ By reagents are meant bodies — either elementary or compound — 
which are capable of reacting upon and revealing to us the nature of 
the substances under examination. They are usually divided, with- 
out any strict line of demarcation, into two classes, viz., general and 
special reagents. General reagents are those which separate a number 
of substances — groups in fact — at one operation; and special reagents 
those which are used to a limited extent only, and for the detection 
of individual substances. 

In a laboratory the general reagents are most conveniently 
arranged over the working table within reach of each operator ; 
whilst the special reagents intended for the use of a number of 
chemical students, are usually placed in a freely accessible part of 
the laboratory. 

A list of reagents, as well as directions for their preparation, 
will be found in an Appendix. Chemical students who have not 
the advantage of working in a well-appointed laboratory, should 
devote much attention and care to the preparation of the reagents. 

Cbemlcal Operations. — We add a 
reairent to a solution of an unknown 
body either by pouring it directly from tho 
bottle or by running it from a pipetto, as 
shown in Fig. 1, with the view of producing 
a precipitate, i.e.f of converting the body 
from the soluble to tho insoluble state. The 
reaction which takes place is mostly a change 
hy double decomposition. Sometimes a pre- 
cipitation is produced by voltaic action, 
sometimes merely by the substitution of 
one solvent for another. One or more 
^bodies may be precipitated by one and tho 
same reagent. As most precipitates are 
heavier than the liquid in which they are 
suspended, they fall to the bottom with 
more or less rapidity ; and the supernatant 
liquid may often be poured ofl’or decanted, 
without much disturbing the precipitate. 
This mode of separating fluids from preci- 
pitates is by far the most expeditious, and 
should be resorted to whenever it is appli- 
cable. The precipitate may be washed in 
the vessel itself by treatment with hot water 
and repeated decantation. 

When a large quantity of a fluid has to 
be removed from a precipitate, it is best 
to siphon off* the supernatant fluid. The 
precipitate may be washed with water, and 
the wash- water siphoned off* repeatedly. 

Small quantities of a precipitate which 
do not subside readily are more quickly 
separated by filtration. For this purpose 
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funnels are used, mostly of glass, conical in shape, and inclined at an angle of 60°. 
They may be conveniently supported on a wooden stand, Fig. 2, or an iron or brass 
lllterins stand as seen in Fig. 3. The lllt«*rinir paper should be porous and 
unsized, and cut in the form of a round sheet, which by being folded twice in 
the shape of a quadrant, forms, on opening up, a paper cone, at an angle of 
60°. The filter should exactly fit the funnel, without reaching quite to the 
rim, and should be moistened in the funnel with distilled water before any^ 
liquid is poured through it. As most kinds of filtering paper contain traces of 
iron, lime, silica, etc., — with the exception of the so-called Swedish filtering 
paper, which contains scarcely perceptible traces of mineral substances, — acid 
liquids frequently dissolve out traces of these bodies. In all accurate analyses the 
filtering paper should, on this account, be washed first with dilute hydrochloric 
or nitric acid, and then with hot water, before being used ; or else Swedish filU^r 
paper only should be employed. 

Most precipitates retain with great pertinacity traces of the fluid in which 
they were suspended, and it is therefore of the utmost importance to thoroughly 
wash them in order to obtain accurate 
results. For this purpose a wasli-bottle 
(Fig. 3) is employed, whereby a fine jet 
of hot or cold distilled water can be di- 
rected on to the filter in such a manner as 
to loosen and detach the precipitate from 
the paper. The liquid should at no time 
quite fill the filter, as some precipitates 
have a tendency to creep up and to get 
between the paper and the glass, and are 
carried into the filtrate. This would 
entail repeated filtration. The washing 
of a precipitate on the filter is eflected 
most rapidly by allowing the wash -water 
to run off entirely each time before adding 
fresh quantities of distilled water. By re- 
peating this four or five times, most pre- 
cipitates will be found sufficiently washed 
for qualitative purposes. 

The student should guard himself against using too large a quantity of the 
substance which he wishes to examine. Heavy precipitates entaU much washing, 
an operation which is most tedious and yet indispensable. 

Test-tubes answer the purpose of precipitation and separation in qualita- 
tive analysis, especially as there is generally no need for collecting the wash-wati'r 


W' 


r 1 




Fig. 4. 
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CHEMICAL APPARATUS. 


or adding it to the main filtrate. These tubes are conveniently placed in a test- 
tube stand (Fig. 4). After being well cleansed by the aid of a test-tube 
brush, and rinsed out with distilled water, they should be set aside to drain in a 
basket. 

Beakers are sometimes employed if an analysis involves the separation of a 
small quantity of one substance from a large amount of another, and when, of 
necessity, large quantities of the substance must be operated upon. 

Porcelain dishes are employed for the purpose of concentration, or evapora- 
tion and ignition. They can be heated either by means of a spirit lamp 

(Fig. 5), or a so-called Berzelius lamp (Fig. 6), 
^ or, where coal-gas can be procured, by means of a 

iB Bunsen aas lamp, provided with a rose top. 

Sometimes a sheet of iron wire gauze or a sand- 
bath is interposed between the porcelain vessel and 
the gas fiame, and is supported on a retort ring, 
or tripod stand. Illustrations of convenient tripod 
supports for porcelain and glass vessels, which 
prevent at the same time the flame from being 
blown about, have been given in my Introduction 
to Inorganic Chemistry. 

If solid substances have to be examined, they 

4 should always be powdered in a mortar — an 

agate mortar should be employed for hard sub- 
stances, such as minerals — before being dissolved 
in water, acids, &c. 

Reactions involving the use of valuable re- 
agents — such as salts of gold, platinum, silver — 
should be performed on watch-HTlusses, with 
small quantities of the substance only. 

For the iurnition of precipitates we employ 
mostly porcelain crucibles, or small porcelain 

A knowledge of qualitative analysis 

1. To recognise with speed and certainty 
the presence of vanous elementary 
and compound bodies, 

2,^To effect their 8(paration from each 

In order to accomplish this we shall 
study more particularly those chemical 
reactions — both in the dry and in the wet 
way — ^which are essential ; but shall endeavour, at the same time, 
to give as complete a view as possible of other chemical changes 
which serve the purposes of qualitative analysis, and which on this 
and other grounds possess considerable interest. 

It is for many reasons desirable to confine the laboratory course 
at first to the study of the more important elements and their com- 
pounds ; we shall, however, treat of the rarer elements and their 
compounds in an Appendix. 

There are certain reagents which eflPect the separation of a 
number of bodies contained in a common solution, leaving all the 
others in solution. Such general reagents are then called qrouv- 
reagents. 
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Dissolve in water small quantities of 

Argentic nitrate* 

Cupric nitrate. 

Cobaltic „ 

Baric „ 

Potassic „ 

To the solution add — 

HOI, a white curdy precipitate is obtained, which consists of arffentle 
chloride, AgCl ; filter. To the filtrate add — 

SHj, a hlack precipitate is obtained consisting of cnprlc sulphide, OuS ; 
filter again, and to the filtrate add — 

AmCl, "I 

AmHo, \jLhlaclc precipitate conies down consisting of cohaltous sulphide, 
and I CoS ; filter, and to the filtrate add — 

SAm2 J 

COAmoa, a white precipitate is obtained, consisting of baric carbonate, 
COBao'^ ; filter, evaporate the filtrate and ignite to drive off the ammonic salts. 
A white saline residue is left, containing the potassic salt. 

What were the chemical changes that took place ? 

The changes were evidently produced hy the mutual exchange of 
elements in two bodies (changes by double decomposition) : i.e., the 
hydrochloric acid added in Group I to the solution of the metallic 
nitrates, exchanged its hydrogen for the silver of the argentic nitrate ; 
and the sulphuretted hydrogen exchanged its hydrogen for the metal 
copper, leaving nitric acid and cupric sulphide, etc. 

The reactions will be readily expressed by equations, thus : — 


NOaAgo 

Argentic 

nitrate. 

+ 

HCl 

= AgCl + 

Argentic 
chloride. 

NTOaHo. 

N^srjuo" 

+ 

SHa 

= Oust + 

2NOjHo. 

Cupric 

nitrate. 



Cupric 

sulphide. 



+ 

SAma 

= • CoS + 

2NOaAmo. 

Cobaltous 

nitrate. 



Cobaltous 

sulphide. 


NOa®®^ 

+ 

COAmoa 

« OOBao" + 

2NOaAmO. 

Baric 

nitrate. 



Baric 

carbonate. 



Silver, copper, cobalt, and potassium ftre, however, not the only 
metals which might have been separated by these same reagents. 

The table on the next following page exhibits the five groups 
into which all metallic bodies classify themselves on the addition of 
the several group-reagents. 

* Solutions of salts of the different metals containing five milligrammes of 
the metal in a cubic centimetre are conveniently prepared and kept for use. 

t It is immaterial whether we write SCu or CuS, since both sulphur and 
copper are dyad elements. 
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Thus far jrrow^-reagents assist us in separating bodies, but when, 
as in Group IV, the white precipitate produced by the group- 
reagent, OOAmoj, leaves us still in doubt whether a barium, stron- 
tium, or calcium compound was present in the solution, further 
experiments must evidently be made with a view of completely 
identifying the substance under examination. This the student 
will only be able to do by making himself first practically familiar 
with the different changes or reactions which the members of the 
various groups of metals can be made to undergo : and after under- 
standing the use of the group-reagents, he should direct his atten- 
tion to the special reactions which distinguish and separate one metal 
from another^ or from several others. This may frequently be done 
in more than one way ; one reaction, however, as a rule, deserves 
the preference over others, on account of the greater exactness 
which distinguishes it, or on account of increased facility of execu- 
tion, or of both. 

Certain reactions, lastly, will have to be studied, which are not 
directly available for the separation of the members of a group 
from each other, but to which considerable interest is attached 
as being illustrative of some valuable property or other of the 
metals. 

The tabular form, which is, no doubt, the most compact and 
summary mode of arranging chemical reactions, will often be adopted 
for embodying such reliable and expeditious methods of separation 
as have stood the test of experience in the laboratory. The direc- 
tions given will be concise and divested of all explanatory matter. 
On no account should a student use any tabular directions, however, 
without first having made himself practically acquainted with the 
details of the reactions ; and to counteract any pernicious influence 
which the use of tables might have, the student should learn to 
draw up tables for the several other processes of separation which 
are frequently possible. 

A deviation from the natural course of studying the reactions of 
the metals by beginning with Grotfp I, and so on, will be justified 
on the ground of greater simplicity, and on account of the far 
greater importance which is attached to the metals of Group V, 
especially the alkali metals. Experience has shown that students 
have less difficulty in mastering the reactions by reversing the order 
of the groups, beginning with the study of the alkali and alkaline- 
earthy metals ; and that a thorough Iraowledge of the metals of 
these groups is of material assistance in understanding the qualita- 
tive changes to which the metals propey are subjected. 

The chemical nomenclature employed in this work is that of 
Dr. Frankland. It will be found fully explained in my Introduction 
to Inorganic Chemistry. An experience extending now over several 
years has shown that it is readily mastered and greatly appreciated 
by students. It is both comprehensive and logical, for it does not 
require one kind of formulas for inorganic and another for organic 
bodies, and it complies with the law of atomicity, observed for the 
different elementary bodies. The little o employed by Dr. Frankland 
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POTASSroM. 


in writing the different compound basilons radicals, such as Ho, Ko, 
Bao'\ Bio'^', Abo"^, etc., has tended occasionally to mislead beginners. 
It will be found useful in all such cases to practise writing these 
same radicals with a big 0, and using the bracket, with the atomi- 
city indication placed outside the bracket, thus : — (OH), (OK), 
(02Ba)", (OaBi)'", (OeAh)'**. We shall employ these formulee occa- 
sionally. Students have as a rule no difficulty in transcribing con- 
stitutional into empirical formulae, a practice which may precede 
with advantage percentage calculations. 


Chapter II. 

REACTIONS OP THE METALS OP GROUP V. 

This group comprises the metals potassium, sodium, ammonium, and 
MAGNESIUM, which are not precipitated by any group-reagent. 

1. POTASSIUM, K. Atomic weight 39*1. — Occurs in nature 
only in a few minerals, of which nitre or saltjoetre is the most im- 
portant. Potassium is present in larger or smaller quantities in a 
few silicates and sulphates, such as felspar^ alumstone. It is also 
found in the ashes of plants {crude potashes)^ and in the form of 
chloride in saline deposits (at Stassfurth, in Prussia, and else- 
where) . 


REACTIONS IN THE DRY WAY. 

Most potassium compounds, when heated in small quantities on 
a thin platilium wire in the inner flame of the blowpipe, undergo 
dissociation, the vapour of the metal imparting a violet colour to 
the outer flame. When examined with the aid of a spectroscope,* 

* When elements in the gaseous condition, or vaporised by strong ignition, 
are analysed by means of the spectroscope (for a description of which we refer 
the student to Moscoe or Schellen on the Spectroscope), they may be dis- 
tinguished from each other by the respective spectra which they give. The in- 
tensity of the spectra of metallic elements is so much greater than that of the 
non-metals, that the latter are only rarely seen. The heat which can be pro- 
duced by a good Bunsen gas burner is not strong enough to volatilize all elements, 
or to heat their vapour highly enough. Most heavy metals can only be 
volatilized by means of an electric spark, making use of an induction coil, by 
placing the galvanically precipitated metals between the electrodes. In order to 
analyse the ordinaiy gases spectroscopically, the spark is passed through the 
gases confined in Geissler tubes. 

It is usual to employ the spectroscope only for the examination of those 
metals, or metallic compounds, which can be volatilized by means ef the gas 
fiame from a good Bunsen burner, such as the alkali metals, sodium, potassium, 
rubidium, caesium, lithium ; the alkaline earthy metals, barium, strontium, 
calcium ; and the heavy metals, thallium and indium. The compounds most 
suitable are the chlorides, nitrates, chlorates, perchlorates, and carbonates of 
these metals. A small portion is placed on the loop of a thin platinum wire, 
introduced into the non-luminous portion of the fiame, and the spectrum 
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the potassium spectrum is found to consist mainly of two lines, a 
comparatively strong line, Ka, in the red, and a faint line, K|S, in 
the BLUE. 

This applies more particularly to potassic salts which are volatile without 
decomposition at a very strong heat (such as potassic chloride, bromide, iodide, 
and cyanide) or which are decomposed by heat ; but not to non-volatile potassic 
salts, such as phosphates, silicates, or borates, which give scarcely any flame 
reaction till they are moistened with HCl, or, if HCl be without action, heated 
together with pure calcic sulphate. The presence of sodium compounds gives 
rise to an intense golden-yellow flame, and conceals the potassium reaction ; but 
when seen through a blue glass, or indigo-prism, the yellow or sodium flame is 
entirely cut off, and the potassium flame becomes distinctly visible, and is then 
of a rich reddish-violet colour. 

REACTIONS IN THE WET WAY. 

We employ a solution op potassic chloride, KCl. 

PtCl 4 (piatlniG chloride) precipitates from potassic solutions 
wHch are not too dilute, a yellow crystalline precipitate of potassic 
platlnic chloride, 2 KCl,PtCl 4 T insolublef in strong alcohol, or better 
still in alcohol and ether, as well as in acids. 

rcOHo 

J CKHo (tartaric acid) precipitates white crystalline hydric potassic 
1 CIIHo rCOKo 

LCOHo tartrate, J from neutral and sufficiently concentrated 

[cOHo 

solutions. The precipitate settles rapidly, especially on shaking or stirring. 

2HF, SiF 4 (hydrofluosilicic acid) gives a white gelatinous precipitate of 
potassic sillcofluoride, 2 KF,SiF 4 ; difficultly soluble in water (833 parts at 
17’5° C.) ; insoluble in alcohol. 

Potassic salts are for the most part soluble in water, hence so 
few reactions; the hydrate and carbonate constitute two important 
reagents, on account of the great affinity which the powerful base 
potassa possesses for the acids with which the metals of other groups 
may be combined. 

2. SODIUM, Na. Atomic weight 23. — Occurs in nature in vast 
masses, as rock salt, NaCl ; as carbonate, in native soda, CONao 2 , 
IOOH 2 , and in trona, C0Nao2,200HoNao,3OH2 ; as nitrate, in cubic 

examined. The different elements are distinguishable by their respective colours, 
as well as by the position which their lines occupy in the continuous solar 
spectrum. The lines are not at all of the same intensity, and therefore not 
equally available. ^ 

It is only by employing larger quantities of pure substances, and heating 
them very intensely, that many of the less prominent lines can be observed. 
The accuracy of the reactions is, however, so great that we can discover in this 
manner the merest traces of these elements, and are enabled to disentangle 
mixtures thereof, without actual separation. Spectroscopic analysis constitutes 
in fact, a most valuable auxiliary to chemical analysis. 

t The degree of solubility of a precipitate in different media can only be 
ascertained by laborious quantitative experiments. The student will therefore bo 
expected to verify only those statements respecting the solubility of the precipi- 
tates which require no quantitative knowledge. 
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nitre^ or Chili saltpetre^ N02Nao ; as sulphate or glaubersalt, S 02 Naoo, 
IOOH2; as hiborate, B4O5irao2,10OH2 ; SiS glauberite, 
and as cryolite, dNaPjAUFs, and in many silicates, of which alhite 
maybe taken as the representative. All natural sodium compounds, 
with the exception of the last two minerals, are soluble in water. 

REACTIONS IN THE DRY WAY. 

We almost exclusively rely for the detection of sodium upon 
the characteristic colour — an intense irolden-yellow — which its com- 
pounds impart to the outer flame of the blowpipe. Its spectrum 
consists of one bright double line, coinciding with the D line of the 
solar spectrum. Some sodic salts are readily recognised by their 
characteristic taste, especially rock salt and cubic nitre. 

REACTIONS IN THE WET WAY. 

We employ a solution of some chloride, NaCl. 

Sodic saU/S are even more freely soluble than potassic salts, 
and platinic chloride or tartaric acid give no precipitates. Hydro- 
fluosilicic acid gives a gelatinous precipitate from concentrated 
(aqueous) solutions only ; the precipitate is, however, insoluble in 
alcohol. 

Sb02E^o (potassic metantlmonate) produces a white crystalline pre- 
cipitate of sodic metantlmonate from neutral or slightly alkaline solutions, if 
they are not too dilute. The precipitate is insoluble in alcohol. (The solution 
to be tested should only contain alkali metals.) 

Sodic hydrate and sodic carbonate act in every respect like 
potassic hydrate and carbonate. Pure sodic hydrate is now prepared 
from the metal sodium, and deserves the preference over potassic 
hydrate.* 


3. AMMONIUM.— Am = NH4. Atomic weight, 18.— 

REACTIONS IN THE DRY WAY. 

Ammonic salts, w^hen heated in a test-tube, volatilize, either 
entirely or partially. Salts with fixed acids, such as phosphoric 
acid, lose ammonia, NH3. Salts of ammonium with volatile acids 
can be volatilised, either with decomposition, such as the nitrate, 
nitrite, sulphate, the latter with formation of mixed vapour of 
nitrogen, water, ammonia, and sulphurous anhydride; or without 
decomposition, such as the cyanide ; or partial dissociation only, such 
as the chloride, bromide, iodide : the latter salts condense again, for 
the most part unchanged ; they sublime, and are found in the upper 
part of the test-tube. 

* The student who has not the advantage of attending a course of lectures on 
chemistry should make himself famihar, by reading a good Manual of Chemistry, 
with the properties of the various salts of potassium and sodium, also wilh the 
interesting processes of manufacturing sodic carbonate from the chloride ; sodic 
silicate {water-glass ) ; potassic chlorate, &c., &c. 
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REACTIONS IN THE WET WAT. 

We employ a solution of ammonic chloride, AmCl. 

PtCl4 produces a heam/ yellow precipitate of ammonic platinic 
chloride, 2AmCl,PtCl4. The precipitate is soluble in much water 
(hence there appears no precipitate from dilute ammonic solutions), 
but insoluble in alcohol and ether. Ammonic platinic chloride 
leaves on ignition only spongy platinum. (Distinction from 
PoTASSic Platinic Chloride, which leaves spongy platinum and 
potassic chloride, Pt + 2 KC 1 .) 

Tartaric acid produces from a concentrated solution of ammonic chloride 
a white crystalline precipitate of hydric ammonic tartrate, resembling the 
potassium precipitate in its properties. The two precipitates are readily distin- 
guished on ignition. Hydric potassic tartrate leaves a carbonaceous residue, 
which is strongly alkaline, and the potassic carbonate which it contains dissolves 
in water. The other leaves merely a residue of carbon, devoid of any alkaline 
reaction. 

Ammonic salts arc decomposed, with evolution of ammonia gas, 
when heated with a hydrate of an alkali (KHo, NaHo), or alkaline 
earthy metal (BaHo2, CaHo2), thus : — 

2 Am Cl -j- CaHo-i ~ 2NII3 -|- OaiCh *h 20Il2« 

Neutral or normal salts of certain polybasic acids, e.g,^ well dried 
alkaline chromates, borates, phosphates, etc., readily decompose 
ammonic salts, especially when heated, with evolution of ammonia 
gas, and formation of acid salts, thus : — 

r CrOaKo 

2Cr02Ko2 + 2 AmCl = < O + 2NH3 + 2 KC 1 + OH*. 

[ Cr02Ko 

I 

This reaction enables us, therefore, to distinguish between nomial 
and acid salts of polybasic acids, by heating them with ammonic 
chloride. 

Ammonia gas is readily recognised, Ist, by its ^pungent odour ; 
2nd, by its turning red litmus moistened with a drop of dis- 

tilled water, blue ; 3 rd, by its combining with the vapour of volatile 
acids (such as dilute hydrochloric acid) to form white fumes 
(AmCl). 

Nessler^s test* for traces of ammonia. — If a potassic solution of 
potassic mercuric iodide, 2KI,Hgl2, be added to a fluid containing 
mere traces of ammonia or of an ammonic salt, a brown precipitate 
of dimercurammonic iodide, or a yellow io brown coloration is pro- 
duced, according to the quantity of the ammonium compound 
present — 

2(2KI,Hgl2) + 3 KHo + NH4H0 = NHg"2l,OH2 + 7 KI + 3OH2. 

Brown iip. 

Ammonic hydrate and carbonate, as well as various other 
• For the preparation of Nessleris solution, gee Appendix. 
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ammonium compounds, e.^., ammonic chloride, ammonic sulphide, 
are among the most useful reagents which we possess. 

QUESTIONS AND EXERCISES. 

1. Mention some natural compounds in which potassium occurs. 

2. How are potassium compounds recognised in the wet way ? 

3. How can potassium and sodium compounds be distinguished before the 

blowpipe flame ? 

4. State how you would ascertain whether the yellow precipitate produced by 

platinic chloride indicates the presence of a salt of ammonium or potas- 
sium, or of both. 

6. How can hydric potassic tartrate be distinguished from hydric ammonic 
tartrate ? 

6. How can sodium compounds be recognised in the wet way ? 

7. Which sodic salts are found native ? 

8. What changes do the following ammonic salts undergo upon ignition ; — 

ammonic chloride, ammonic nitrate, ammonic nitrite, ammonic phosphate, 
POAmoa, ammonic carbonate, COAmo 2 , ammonic iodide, and ammonic 
sulphate ? 

9. How is spongy platinum prepared ? 

10. How would you test for mere traces of ammonia ? 

11. How much spongy platinum is obtained from 2*345 grms. of ammonic 

platinic chloride ? 

12. How much dry ammonia gas by volume (litres) and weight can be obtained 

by distillation with calcic hydrate from 5 grms. of ammonic chloride ? 

13. How would you examine a mixture containing ammonic chloride and potassic 

chloride ? 

14. 2 grms. of the mixed chlorides of potassium and sodium gave by precipi- 

tation with platinic chloride 3*671 grms. of potassic platinic chloride, 
2 KCl,PtCl 4 ; what is the percentage of potassium and sodium in the 
mixed chlorides ? 

15. A mixture of 1*5 grm. of sodic and ammonic chloride lost on ignition *234 

grm. ; what is the percentage of ammonic and sodic chloride present in 
the njixture ? 

16. Calculate the percentage composition of borax. 


4 . MAGNESIUM^ Mg"'. Atomic weight, 24 . — Occurs in nature 
as OXIDE, in the mineral periclase, MgO ; as hydrate in brucite^ 
MgHo2 ; as carbonate, in magnesite^ COMgo", and in hydromagne- 
site, 030Ho2Mgo"4,30H2 ; as double carbonate, in dolomite, 

QQCao"Mgo", and mesitine spar, QQMgo"Feo" ; as sulphate, in 

hieserite, SOHo2Mgo" (from Stassfurth salt), and in epsomite, 

SOHo2Mgo", 6OH2 ; as phosphate, in wagnerite, POMgo'(^Mg"); 

as SILICATE, in peridote, SiHgo"*, enstatiU, SiOMgo", steatite, 

Si405Mgo"3, talc, SijOeMgo'^, serpentine, nieer- 

I SiO 

schaum, Si302Ho4Mgo"2, and in g. QCao"Mgo" ; and lastly, 

as borate in horacite, B809Mgo"3. 

REACTIONS IN THE DRY WAY. 

Magnesic salts, as such, impart no colour to a non-luminous gas- 
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flame. The most characteristic reaction for magnesia, in the dry 
way, is the pale rose colour which this alkaline earth acquires on 
moistening with cobaltous nitrate, and then igniting it once more 
strongly on charcoal. 

This colour can, however, only be relied on when no'other metallic oxides are 
present ; and as magnesium salts do not colour the outer blowpipe flame, recourse 
must almost invariably be bad to the reactions in the wet way. Ignition of the 
sulphate on charcoal in the reducing flame yields the sulphide, MgrS. Prolonged 
ignition of the carbonate yields caustic magnesia, which is almost insoluble in 
water. 

REACTIONS IN THE WET WAY. 

For this purpose a solution of magnesic chloride, MgCb, or 
MAGNESic SULPHATE, SO^Mgo", (S02(02Mg)"), is employed. 

Magnesia is not precipitated by ammonia in the presence of 
ammouic chloride, because it forms a soluble double chloride^ 
2AmOl.MgCl2. In the absence of ammonic chloride, part of the 
magnesia is precipitated as hydrate, MgHo 2 , thus — 

2MgCl2 + 2AmHo = MgHo 2 + 2AmCl,MgCl2. 

Soluble double chloride. 

In the presence of a suflBlcient amount of ammonic chloride, the 
magnesic hydrate is at once decomposed into magnesic chloride 
(MgHo2 + 2AmCl = MgCl 2 +• 2AmHo), and no precipitation takes 
place, nor is the double chloride precipitated by ammonic, sodic, or 
potassic carbonate. Hence magnesium cannot be precipitated in 
Groups III and IV, provided a sufficient amount of ammonic chloride 
be present^ and the solution be kept su'fficiently dilute, 

Potassic, sodic, calcic, and baric hydrate precipitate magnesia 
almost completely as ivhite magrnesic hydrate, nearly insoluble in 
cold and hot water. Ammonic chloride, as well as other ammonic 
salts, dissolve it readily, or, if originally present in sufficient 
quantities, prevent its formation. 

Sulphuric and hydrofluosilicic acid form soluble magnesic salts, 
even in the presence of moderate quantities of alcohol. 

Ammonic oxalate gives, after some time, from moderately dilute solutions of 
magnesic salts, a white crystalline precipitate of a double oxalate uf magnesia 
and ammonia ; not so, however, in the presence of excess of ammonic chloride. 

POHoNa 02 (hydrtc dlsodlc phosphate), or better still, a solution 
of microcosmic salt, precipitates hydrlc maipncsic phosphate, 
POHoMgo". 

The precipita tion is complete in the presence of ammonic chloride 
and ammonia. POAmoMgo", 6Aq, ammonic mainiesic phosphate, 
falls as a white crystalline precipitate. The separation from a dilute 
solution of a magnesic salt is promoted by gentle heat, and by 
stirring with a glass rod. The precipitate is but slightly soluble in 
water and ammonic salts. In water containing ammonia it is 
practically insoluble. Dilute mineral acids dissolve it, as well as 
acetic acid. From very dilute solutions the precipitate separates 
only on standing for about 24 hours in a warm place. 
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On heating magnesio chloride with precipitated mercuric oxide, the chloride 
Is coiiTerted into oxide, mercuric chloride being volatilized. This experi- 
ment must be conducted in a closet which is provided with a good indraugbt of 
air, and is in connection with a chimney flue. 

Methods for the recognition of Mg, K, Na, and Am will readily 
suggest themselves, if we bear in mind — 

1st. The volatility of ammonic salts (phosphates and borates 
excepted). 

2nd The insoluhility of MgHo 2 in water. 

3rd. The insoluhility of 2KCl,PtCl4 in alcohol, 

4th The intense yellow coloration which sodium imparts to the 
blowpipe flame. 

A solution containing salts of Mg, K, Na, and Am, may be 
examined as follows : — 

1st. Heat a portion with NaHo; ammonia gas is given oflT, wliich is recognised 
by its pungent odour, etc. — presence of Am. 

2nd. To a second portion add AmCl, AmHo, and POHoNao 2 , a white crystallhie 
precipitate indicates the presence of Mg*. 

3rd. Evaporate a third portion to dryness and ignite strongly. Extract with 
hot water (without filtering off any magnesic oxy-chlorido (Mg^OClg), 
which may have been formed), and add sufficient BaHo 2 till the whole of 
the magnesia is precipitated as MgHo 2 j filter. To the filtrate add 
OOAmo 2 , as long as a precipitate is produced, and filter again. Evapo- 
rate the filtrate to dryness, and ignite strongly to expel ammonic salts. 
Dissolve the residue in a little water, filter off a trace of MgO (if any), and 
test filtrate for potassium by means .of PtCl 4 ; a yellow crystalline pre- 
cipitate — presence of K ; and for sodium, by heating on a platinum 
wire before the blowpipe flame ; a golden-yellow Jla/ine indicates the pre- 
sence of Na. 


QUESTIONS AND EXERCISES. 

1. How is magnesic sulphate prepared — 1st from magnesite ; 2nd, from dolo- 

mite ? 

2. Which are the most important magnesium minerals ? Give constitutional 

and graphic formulae. ^ 

3. How is magnesium detected in the dry way ? 

4. Explain the action which ammonia, potassic hydrate, and sodic carbonate 

nave upon solutions of magnesic salts in the presence of ammonic salts, 
and also without them. 

5. Describe fully the most characteristic reaction for magnesic salts in the wet 

way. 

6. How is magnesic chloride converted into oxide in the dry way ? 

7. How is magnesium separated from potassium and sodium ? 

8. Calculate the percentage composition of magnesite and epsomite. 

9. How much crystallized magnesic sulphate, SOHo2Mgo",60H2, can be pre- 

pared from one ton of pure magnesite ? 
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Chapter III. 

REACTIONS OF THE METALS OF GROUP IV. 

This group comprises the metals harium, strontium, calcium, which 
are precipitated by ammonic carbonate from an ammoniacal solution 
in the presence of ammonic chloride. The latter (if present in 
sufficient quantities) prevents the precipitation of magnesium. 


1. BARIUM, Ba". Atomic weight, 137. — Occurs in nature 
chiefly in the form of heavy spar^ S 02 Bao", and as wither Ite, 
COBao". 

reactions in the dry way. 

Barium compounds, when held in the fusing zone of a Bunsen 
gas burner, or when heated on thin platinum wire in the inner 
blowpipe flame, impart a yellowlsh-grreen colour to the outer flame, 
especially when treated with strong hydrochloric acid. When 
viewed through the spectroscope (the chloride* is best employed), 
two GREEN lines, Baa and Ba^, come out most intensely ; Ba 7 is 
less marked. Besides these, there are numerous lines in the red 
and YELLOW, and one broad indistinct line in the blue, close to F of 
the solar spectrum. 

Heavy spar heated on charcoal in the reducing flame is reduced to baric 
sulphide, BaS, which fuses readily. This reaction is made use of to prepare, on 
a manufacturing scale, soluble baric salts from the sulphate. Baric carbonate 
is decomposed only triflingly by ignition to a strong white heat. 

REACTIONS IN THE WET WAY. ^ 

Baric salts are obtained by dissolving the native carbonate or 
witherite in acids. f Heavy spar is attacked by alkaline carbonates 
at a high temperature. By mixing, on a small scale, finely powdered 
baric sulphate with three to four times its weight of fusion mixture, 
and heating in a platinum crucible over a gas flame, it is converted 
into baric carbonate, thus : — 

S02Bao" + CONaoKo = COBao" + S02NaoKo. 

Insol. in water. Soluble in water. 

On extracting the fused mass with hot water and filtering, 
OOBao'' is left, from which, by the additio^^ of the respective acids, 
small quantities of the different baric salts can be prepared. 

The same applies to celesUne, S02Sro", and to anhydrite^ 
S02Cao". 

* The spectra of Ba and of the two following metals are probably those of 
the oxides^ and not of the metals themselves. 

t Dilute acids (HOI or NO3H0) should be employed, as the baric chloride 
and baric nitrate, which result from the action of these acids upon witherite, are 
insoluble in the concentrated acids. 
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A SOLUTION OF BARIC CHLORIDE, BaCi2, IS employed. 

COAmo2 (ffroup.reasent) precipitates white baric carbonate, 
COBao", soluble with decomposition in acids; somewhat soluble in 
ammonic chloride. With carbonic acid it forms a soluble acid car- 
bonate or dihydric dicarbonate, C202Ho2Bao", but it is reprecipitated, 
on boiling, with evolution of carbonic anhydride. Baric carbonate 
is partially decomposed by alkaline sulphates, e.^., potassic sulphate, 
into baric sulphate and alkaline carbonate. The decomposition is 
complete in the presence of free carbonic anhydride. COSro" and 
COCao" are not changed, not even on boiling with SQ2K02. 

CONao2 and COK02, same precipitate. 

!KHo and NaHo, free from carbonates and sulphates, which they rarely are, 
give from highly concentrated solutions a taoluminous precipitate of baric 
hydrate, BaHo^, soluble in water. A solution of the hydrate in water is knov n 
aa haryta’Water. It possesses a strong alkaline reaction, and great aflBnity for 
carbonic anhydride. 

AmHo gives no precipitate. 

S02Hoi, as well as all soluble sulphates, precipitate on boiling, 

especially in the presence of free acid (dilute HCl), heavy white 

granular baric suiphate, S02Bao", even from very dilute solutions 

of baric salts. The precipitate is insoluble in water, dilute acids 

and alkalies ; soluble to a perceptible extent in boiling concentrated 

hydrochloric and nitric acids and also in concentrated solutions of 

ammonic salts, but not if the precipitants are in excess ; soluble 

also in concentrated boiling sulphuric acid, with formation of 

dihydric baric disulphate, S204Ho2Bao". The presence of an 

alkaline citrate greatly interferes with its precipitation. Solutions 

of strontic or calcic sulphate (two sulphates which are but slightly 

soluble in water, especially the former) constitute the most delicate 

test for barium. 

( 

S02Bao'' is soluble only in about 400,000 parts of pure water ; S02Sro" in 
7,000 parts of cold water ; whilst S02Cao'' dissolves in 390 parts of water at 
35° C, and in 460 parts at 100° C, being in fact less soluble in hot than in cold 
water. 

POHoNao 2 (hydrlc disodic phosphate) gives from neutral or alkaline 
solutions a white precipitate of hydrlc baric phosphate, POHoBao", readily 
soluble in dilute nitric, hydrocliloric or acetic acid. Perceptibly soluble in 
ammonic chloride. 

{SSiZ (ammonic oxalate) gives from a moderately dilute solution 

of a baric salt, a white pulverulent precipitate of baric oxalate, ^QBao", 

soluble in dilute nitric or hydrochloric acid. Soluble also in oxahe and acetic 
acids when freshly precipitated. 

Or 02 Ko 2 (potassic chromate) gives a bright lemon-yellow precipitate of 
baric cli roinnte, Cr 02 Bao", even from very dilute neutral or moderately acid 
(acetic acid) solutions, readily soluble in nitric, hydrochloric or chromic acid 
(Or02Ho2) — reprecipitated by ammonia. — (Distinction from strontic and 

CALCIC SALTS, WHICH ARE NOT PRECIPITATED FROM DILUTE SOLUTIONS.) 

2HF,SiF4 (hydrofluoslllclc acid) gives a colourless crystalline 
precipitate of baric slllcofluorlde, BaF2,SiF4, which subsides quickly, 
especially upon the addition of an equal bulk of alcohol. It is 
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somewhat soluble in water and in dilute acids, insoluble in alcohol. 
^Distinction op baric from strontic and calcic salts, which give 
NO precipitate even on the addition of alcohol.) 

Soluble baric salts, such as baric chloride, nitrate or acetate, 
constitute exceedingly useful reagents for the detection of acids, on 
account of the metal barium forming insoluble salts with most 
acids. 

QUESTIONS AND EXERCISES. 

1. How can baric sulphate be converted into baric nitrate or chloride ? 

2. Which are the natural compounds of barium ? 

3. Express in symbolic equations the diderent reactions for barium. 

4. Which are the most delicate reactions for barium ? 

5. How can barium be separated from strontium and calcium ? 

6. 1*235 grm. oiwUheriie gave *965 grm. of baric sulphate ; what is the percentage 

of barium and ol‘ baric carbonate in the mineral ? 

7. A 8amj)l(; of keavy spar contains 96*5 per cent, of pure sulphate ; how much 

baric sulphide, and how riiuch baric nitrate can be obtained from 1 cwl. of 
the mineml ? 

2 . STRONTIUM, Sr". Atomic weight, 87 * 5 . — Occurs in 
nature as suli’HA'J’e, in the mineral celestme, SO^Sro" ; and as 
carbonate or drontianite, COSro". 

examination in the dry way. 

Strontium compounds, when heated on platinum wire in the 
inner flame, colour the outer flame intensely crimson. When the 
flame is viewed through the spectrosco])e, it shows a number of 
characteristic lines, more especially the SrS and 7 lines in the RED 
and the line Sr^ in the blue, which latter is particularly ^ui ted for 
the detection of strontium in jiresence of Ba and Ca. 

Celestine heated on charcoal in the reducing flame, is converted into strontic 
sulphide, SrS, from which the chloride may be priqmred for blowpipe and other 
reactions, by treating the residue with hydrochloric acid. Strontic carhonale, 
heated in a platinum crucible, over a gas-blowpipe, is aU but entirely converted 
into oxide, after about 20 minutes’ heating. 

REACTIONS IN THE WET WAY. 

We use A SOLUTION of strontic chloride, SrCb. 

COAmo2 (group- reagent) gives a white precipitate of strontic 
carbonate, COSro", less soluble in ammonic cliloride than the 
corresponding baric carbonate; soluble in dilute acids. Carbonic acid 
produces the soluble dihydric strontic dicS,rbonate, 0202Ho2Sro", 
which is decomposed on boiling into normal carbonate, carbonic 
anhydride and water. 

CONao2 and COKon, same precipitate. 

SO2H02, or a soluble sulphate, produces a white precipitate of 
strontic sulphate, SOiSro". From dilute solutions a precipitate 
appears only after some time, especially if calcic sulphate be used 
as the precipitant. Heat assists the precipitation. The precipitate 
dissolves perceptibly in hydrochloric or nitric acid, but is insoluble 

• c 
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in alcohol. It is insoluble also on boiling in a concentrated solution 
of ammonic sulphate, S02Amo2, and a little ammonia, (distinction 

BETWEEN STRONTIUM AND CALCIUM.) 

A solution of strontic sulphate in water is not precipitated by 
ammonic oxalate, but readily precipitates baric salts. 


POHoNao 2 (hydric dlsodlc phosphnte) gives a white precipitate of 
liydrlc strontic phosphate, soluble in acids, including acetic acid. 

{ COAmo (ammonic oxalate) precipitates strontic salts more readily 

than baric salts. Tlie white precipitate of strontic oxalate, | ^^Sro", is 

readily soluble in dilute nitric or bydrochloric acid; somewhat soluble in 
ammonic salts j but sparingly soluble in oxalic or acetic acid. 


QUESTIONS AND EXERCISES. 

1. Which are the principal strontium minerals? 

2. How are strontic chloride and nitrate prepared — 1st from strontianite ; 2nd, 

from celestine 1 

3. Which are the most characteristic reactions for strontium ? 

4. How can strontium be distinguished from barium? 

5. What is the percentage of strontium in filrontianite and in celestlne / 

(). How can strontium be separated from calcium ? 


3 . CALCIUM, Ca". Atomic weight, 40 . — Occurs in nature in 
the mineral, vegetable and animal kingdom, in vast masses, in com- 
bination with cjarbonic, sulphuric, silicic and phosphoric acids. In 
plnnts it occurs combined with carbonic, sulphuric, and phosphoric 
acids ; in animals combined with phosphoric and carbonic acids. It 
is occasionally also found in minerals which result from the action 
of acids t^such as nitric or arsenic acid) upon calc spar. 

The principal calcium minerals are the various calcic carbonates, 
differing in physical properties or in crystalline structure, such as 
calc spar, COCao" (containing occasionally barium, magnesium, 
iron, manganese, lead, in variable proportions, and passing gradually 
into haryto-calcite and dolomite, siderite, diallogite Sbudplumho-calcite), 
arragonite, marble, limestone, chalk; the sulphates, such as gypsum, 
SHo 4 Cao' anhydrite, SO-^Cao", alabaster, selenite; the PHOSPHATES, 

such as apatite, P303Cao"4^pCa")', hone-earth, P302Cao"3; and 

fluor spar, CaF2. 

REACTIONS IN THE DRY WAY. 

Most calcium compounds, when heated in the inner flame of the 
blowpipe, colour the outer flame yellowish-ired ; calcic phosphate 
and borate excepted. The presence of barium or strontium entirely 
obscures the calcium reaction. The lime spectrum shows, among 
other lines in the red and yellow, an intensely jirreen line, CajS, also 
an intensely orangre line, Caa. It requires a very good spectroscope 
to see the faint indigro-blue line to the right of G in the solar 
spectrum. 
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Calcic carbonate when strongly ignited becomes converted into caustic or 
quicklime, CaO, which reacts a&aline. It combines with water very eagerly, 
evolving much heat, and is converted into calcic hydrate, CaHog (slaked lime) , 
which is less soluble in water than either baric or strontic hydrate. It is also 
more soluble in cold than in hot water. Calcic sulphate is converted into calcic 
sulphide, CaS, when ignited on charcoal in the reducing flame. The mass reacts 
likewise alkaline. 


REACTIONS IN THE WET WAY. 


Calcic salts are readily prepared from pure calc spar or marhle, 
by means of dilute acids. 

We employ A solution of calcic chloride, CaCU. 

COAmo2 (Kroup-rcagcnt) precipitates white calcic carbonate, 
COOao", which is bulky and amorphous at first, but on warming 
gently becomes rapidly crystalline. Calcic carbonate is somewhat 
soluble in ammonic chloride, especially when freshly precipitated. 
It is in fact partially reconverted on boiling into calcic chloride. 

CONao2 and COK02, same reaction. 

SOgHoo, or a soluble sulphate, precipitates from concentrated solutions of 
a calcic salt wJiUe calcic sulphate, SOHogCao" + Aq., soluble in much water, 
and still more soluble in acids. A precipitate is obtained on the addition of twice 
the volume of alcohol from solutions whi(;h are too dilute to be precipitated by 
sulphuric acid or a soluble sulphate. Calcic sulphate dissolves readily on boiling 
in a concentrated solution of ammonic sulphate. 

A solution of calcic sulphate precipitates both baric and strontic salts. 

POHoNaog (hyhrlc disodlc phosphate) gives a bulk^ white precipitate of 
trlcalclc phosphate, P 302 Cao'' 3 , soluble in dilute hydrochloric or nitric acid, 
and soluble in acetic acid j reprecipitated by ammonia. 


{ COAmo oxalate) produces even from very dilute 

solutions of calcic salts a white ^mlverulent precipitate of calcic 

{ CO 

QQCao" + Aq., readily soluble in hydrochlorft or nitric 

acid ; not perceptibly soluble in oxalic or acetic acid. On gentle 
ignition calcic oxalate breaks up into calcic carbonate, and carbonic 
oxide gas, and on igniting very stron'I^ly, caustic lime is left. 

Soluble calcic salts, such as the chloride or nitrate, constitute 
very important reagents for the detection of acids, on account of the 
metal calcium forming insoluble salts with most acids. 


QUESTIONS AND EXERCISES. 

1. Which are the most important natural lime compounds P 

2. Give graphic formulae for gypsum, anhydrite, calc spar, Jluor spar, apatite. 

3. Which arc the most delicate reactions for calcium in the wet way ? 

4. How is arragonite converted into calcic oxalate ? 

5. Calculate the percentage composition of hone- ash. 

6. Why can a solution of calcic sulphate be employed for the detection of barium 

and strontium even in the presence of calcic salts ? 


Separation of Barium, Strontium, and Calcium ^, — Barium minerals 
frequently contain strontium and calcium, and strontium minerals 
barium and calcium as well. A method of separating these metals 
is based upon — 

c 2 
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1 st. The msolubility of BaCl2 in absolute alcohol (SrC]2 r*nd 
OaCl2 being soluble). 

2 nd. The insoluhlUty of N204Bao", and N204Sro" in absolute 
alcohol (calcic nitrate being soluble). 

A liydrocbloric acid solution of the mineral containing Ba and Sr, or Sr and 
Ca, or possibly Ba, Sr and Ca, is prepared, and the solution evaporated to dry- 
ness and gently ignited. (Strong ignition must be avoided as CaCl 2 is slightly 
decomposed into an insoluble basic salt.) 

Barium is separated from strontium and calcium, by digesting the finely 
divided residue with absolute alcohol, and separating the undissolved BaCl 2 by 
filtration. 

Strontium is separated from calcium by evaporating or distilling off the abso- 
lute alcohol, which contains the SrCL and CaCl^ ; precipitating with COAmoo, 
filtering, and conversion of the strontic and calcic carbonates into nitrates by 
means of dilute nitric acid. The solution of the two nitrates is evaporated to 
dryness on a water-bath and absolute alcohol added, when calcic nitrate is 
dissolved out, strontic nitrate being insoluble in absolute alcohol. 

The presence of these metals may be confirmed by setting fire 
to the alcoholic solution containing baric, strontic, or calcic chloride 
(or nitrate) ; the alcohol is seen to bum with the characteristic 
colour observed when traces of these salts were heated on a 
platinum wire. 

Several other methods for recognising and separating the raeials 
of Group IV will suggest themselves. 

It is often useful to ascertain whether one or two, or all the metals of this 
group are present in a solution. This can be done by adding to their neutral 
solution a solution of C2;02Ko2, or 2 IIF,SiF 4 . A yellow or a transparent cry- 
stalline precipitate indicatc^s barium. To a portion of the filtrate add S02Cao" ; 
a precipitate forms perhaps only after some time, proving the presence of stron- 
tium ; or the solution remains clear, in wliich case calcium only nc^ed be looked 
for, the presence of which is indicated by the pre(dpitatc which amnionic oxalat.e 
produces frobu another portion of the largely diJuied solution. If both strontium 
and calcium are present, separation bc(tomes desirable. 

The student will have no difficulty now in drawing up tabular 
analytical schemes^ based upan : — 

1 st. The insolubility of BaCb and N204Sro" in absolute alcohol, 

2 nd. The msolubility of BaCl2 in absolute alcohol and that of 
SO-^Sro" in a conce/atrated solution of S02Amo2. 

3 rd. The vfisolubiliiy of Bap25SiF4, or 6 r 02 Bao", as well as of 
SOaSro", in ivatf.r ; calcic sulphate being svficiently soluble 
to be readily indicated by amnionic oxalate, 

PRACTICAL EXERCISES t ON GROUPS IV AND V. 

You are requested to analyse — 

1. A solution of salts of the metals K, Mg, and Ba. 


* Table IV in the analytical tables-at the end of the book contains a scheme 
embodying method 2. 

t As a control upon the work done in a laboratory the analytical results 
should be carefully recorded by the student (as far as possible, in a tabular form) , 
and should be discussed and corrected, if necessary. By those means only it is 
possible to control and direct the analytical studies of a large class. 
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2. A mixture (about *5 grm.) of the solid salts NaCl, SrClo, and magnesia alba 

(C 3 H 04 Mg 0 %). 

3. A mixture of the solid salts AmCl, BaCl 2 , and COCao". 

4. A mixture of the salts AmCl and SOoMgo". 

5. A mixture containing finely powdered marble, baric carbonate, and common 

salt. 

6. A solution of Ba0l2 and SrCl 2 , containing *010 grm. of Ba and *100 grm. 

of Sr. 

7. A solution of NaCl, KCl, and MgrCL, containing *020 grm. of K, *200 grm. 

of Na, and *050 grm. of Mg. 

8. A solution of SrClo and Ca0l2) containing '050 grm. of Sr, and ‘500 grm. 

of Ca. 


Chapter IV. 

REACTIONS OP THE METALS OP GROUP III, OR 
AMMONIC SULPHIDE GROUP. 

Group III comprises the metals Nickel, Cobalt, Manganese, Zinc, 
Iron, Chromium, Aluminium, likewise the phosphates of these 
metals, and of Magnesium, Barium, Strontium, and Calcium. 

1. Add to a solution* containing N 204 Co()",Fe 2 Cl 6 , and calcic phospliate, 
dissolved in a little dilute hydrochloric acid, a concent rated solution of amnionic 
chloride, and then ammonia. A ])recipitatc is produced. Filter, and add to the 
filtrate ammonic sulphide. A further jirecipitation takes place; the precipitate 
is black. 

This shows tltat some members of this groujj are precijpitated by 
AmCl a7id Amllo ; others oiily on the additioti of SA?72-2« 

2. Add to a solution of FeoClg, Cr 2 Cl 6 , and Al 2 Cl(j, ammonic •hlorido and 
ammonia, till it is just distinctly ammoniacal, and boil for a few minutes. A 
bulky gelatinous precipitate is obtained. Filter. Add to the clear filtrate a few 
drops of ammonic sulphide : bo further precipitation takes place. 

Showing that Irott, Chromium^ arid Aluminium are preci/pitated 
(^as hydrates) from their saline solutions by AmCl and AmHo alotie^ 
without the aid of SA?/^ 2 . (Ammonic chloride has no share in the 
precipitation, but counteracts the solubility of the aluminic hydrate 
in excess of the precipitant, and prevents the precipitation of 
magnesium as hydrate, if present in a solution.) 

3. Dissolve some baric, strontic, calcic, and magnesic phosphates in dilute 
hydrochloric acid, and cautiously add to the solution ammonia. No precipitate 
is produced till the free acid has been neutralised €(with formation of ammonic 
chloride), when. the phosphates are reprecipitated. Filter and add ammonic sul- 
phide to the filtrate. No further precipitation takes place. 

This shows that the phosphates of the alkaline earthy metals are 
precipitated by ammonia aloiie, 

* Solutions containing *005 grm. of the metal in every c.c. are reaflily pre- 
pared, and should be kept for use. 5 c.c. of each solution will be found a 
convenient quantity. 
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carbonate in the inner blowpipe flame, they are reduced to a grey 
metallic powder which is magnetic. Heated on a horax bead, in the 
outer flame, nickel compounds yield an intensely coloured glass, 
which appears hyacinth -red to violet-brown when hot, and yellowish 
to sherry-red when cold (according to the quantity of nickel 
present). On fusing a little nitre in the bead, the colour is changed 
to blue or dark purple, whereby nickel compounds may be dis- 
tinguished from iron. Heated in the reducing flame the colour 
disappears, and the bead assumes a turbid grey appearance, owing 
to finely divided particles of metallic nickel. The reactions with 
microcosmic salt are similar, but the bead becomes almost colour- 
less when cold. 


KEACTIONS IN THE WET WAY. 

We employ a solution of nickeloijs sulphate, SO^Nio", 

= SOaCOaNi)". 

Solutions of salts of nickel are generally green ; those of cobalt red. A solu- 
tion of cobaltous chloride turns blue on heating. A solution of both a nickel and 
a cobalt salt is red^ green^ or colourless^ according to the quantities present of each 
of the metals in solution. * 

SAm2 (iproup-reaKent) gives a hluck precipitate of iilckclous 
sulphide, NiS, slightly soluble in excess of the reagent, especially 
in the presence of free ammonia or of yellow ammonic sulphide, 
forming a dark brown solution, whence the sulphide is reprecipi- 
tated on boiling. The presence of ammonic chloride (or better 
still, ammonic acetate) assists the precipitation. Nickelous sulphide 
dissolves with difficulty in dilute hydrochloric acid, readily in nitric 
acid or aqua regia, and is but slightly soluble in acetic acid. 

SH2 gives no precipitate in an acid solution, and a partial precipitate only 
from a saH of nickel with a mineral acid ; but produces readily a precipitate 
from a solution of nickelous acetate, or a nickelous salt mixed with an alkaline 
acetate, especially on heating. 

NaHo or KHo precipitates an apple-green hydrate, NiHo2, 
insoluble in excess, soluble in ammonic salts to a greenish-blue 
fluid. Nickelous hydrate leaves on ignition nickelous oxide. It 
does not absorb oxygen from the air. 

Am Ho produces a slight greenish precipitate, readily soluble to a blue fluid. 
No precipitate in presence of ammonic chloride. 

OONao2 precipitates an apple-green basic carbonate, varying in com- 
position. 

OOAmo2, same precipitate, readily soluble in excess, when filtered and washed, 
to a greenish -blue solution. 

KCy (free from cyanate (CyKo) and carbonate*) gives a 
yellowish-green precipitate of nickelous cyanide, NiCy2, which 
dissolves readily in excess of potassic cyanide to a brownish- 
yellow solution, containing a double cyanide of nickel and potas- 

* It is preferable to add hydrocyanic (prussic) acid, HCy, to a neutral solu- 
tion of a nickelous salt, and then KHo drop by drop, till the yellowish-green 
precipitate is rodissolvod. Great caution has to be observed on account of the 
highly poisonous nature of HCy. 
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sium, 2 KCy,NiCy 2 - On adding a dilute acid (HCi or SO2H02), 
NiCy2 is reprecipitated, and KOy is decomposed with evolution of 
HCy. Boiling with hydrochloric acid decomposes the nickelous 
cyanide likewise. 

The solution of the double cyanide is not altered by boiling with 
excess of HCy, but the nickelous salt is oxidized in the cold by 
chlorine, or on the addition of a concentrated solution of sodic 
hypochlorite, ClNao, to btach nickelic hydrate, 'Ni'"2Ho6, which is 
gradually precipitated, thus : — 

2 NiCy 2 + ClNao + 50112 = NisHoo + NaCl + 4 HCy. 

Nickelic hydrate may also bo obtained by passing chlorine 
through water, in which nickelous h3^drate is suspended. HCI 
decomposes the tetrad nickel compound into nickelous chloride and 
free chlorine, Nickelic oxide, Ni 20 a, obtained by igniting the 
hydrate, or by keeping the nitrate at a temperature of about 200 ^ C., 
is a black substance, scarcely soluble in boiling acetic acid. 

QUESTIONS AND EXERCISES. 

1. Express in symbolic equations the reactions for nickel in the wet way. 

2. State which are the princi})al nickel minerals, and translate into graphic 

formulae the constitutional formulae of einerald nickel^ antimony nick el ^ 
nickelous nitmte and arsenate. 

3 . Uow many oxides of nickel are there ; and how would you prepare them from 

a solution of nickelous sulphate ? 

4 . How would you recognise the presence of Ni and As in arsenical nickel t 

5 . 50 cubic centimetres of a solution of nickelous sulphate yield on precipitation 

with KHo and ignition *370 grin, of NiO ; how much Ni is contained in 
1 c.c. of the solution, and how much nickelous sulpli ate (SOI10jjNio",60U2) 
must be dissolved in a litre of water to obtain a solution of the above 
strength ? 

6. Calculate the percentage composition of capillary pyrites. 


COBALT, Co" and AtomieVeight, 58 * 8 . 
as SULPHIDE or cohalt pyrites^ CO2S3 or |^QQg 


— Occurs in nature 
// 

,/S" ; as arsenide 


r "As' 

in < cobalt or smaltine {sj^eiss oohalt), as sulph- 

( "As' 

ARSENIDE, or cohalt (jlanceA ,r^g/Co",Co^'^S2 ; also in the form of 

products of oxidation, such as cohalt vitriol^ SOHo2Coo",GOH2, as 
arsenate^ As202Coo"3,80H2, in cohalt hWom, and generally in small 
quantity in nickel and iron ores. 


REACTIONS IN THE DRY WAY. 

Cobalt is usually detected with comparative facility. Cobalt 
minerals containing sulphur or arsenic are roasted on charcoal, or in 
a glass tube, when sulphurous and arsenious anhydride are evolved. 
The residue is then in trod need into a horax bead, and heated in the 
outer flame, when sifitte blue, so-called cobalt glass, is obtained. 
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This colour remains the same both in the outer and inner, or reducing 
flame. In cases where much Mn, Fe, Cu, or Ni are mixed with Co, 
the blue appears distinctly only after the bead has been heated for 
some time in the reducing flame. Microcosmic salt gives the same 
blue bead. Heated on charcoal, with sodic carbonate, in the reducing 
, flame, cobalt separates as a grey metallic powder which is attracted 
by the magnet. 


REACTIONS IN THE WET WAY. 


We employ a solution of cobaltous nitrate 


NO., 

NO. 


Coo". 


(grroup-reagrent) gives a hlacJc precipitate of cobaltous 
sulphide, OoS, insoluble in excess of the reagent, scarcely soluble in 
acetic acid, and very difficultly soluble in dilute hydrochloric or 
sulphuric acid, but readily soluble in aqua regia upon the applica- 
tion of heat. Hence a black residue left, on treating the ammonic 
sulphide precipitate of Group ill with dilute hydrochloric acid, 
indicates probably the presence of cobaltous or nickelous sulphide. 


SH2 gives no precipitate from an acid solution, but precipitates cobaltous 
sulphide partially from a neutral solution, and wholly from a solution of cobaltous 
acetate, or from a solution of a cobaltous salt containing a mineral acid, on the 
addition of an alkaline acetate, and upon heating. 


KHo or ISTaHo gives a precipitate of a blue basic salt, which 
turns olive-green on exposure to air, owing to the absorption of 
oxygen. On heating, a rose-red cobaltous hydrate, OoHo., is obtained, 
which, however, contains mostly a small amount of dark brown 
cobaltic hydrate. Ammonic carbonate dissolves the precipitate 
(after filtration and washing) to an intensely violet-red fluid. 

By suspending cobaltous hydrate in water, and passing a current 
of chlorine into it, black cobaltic hydrate is precipitated, whilst 
cobaltous ckloridc remains in solution, thus : — 


3C0H03 Cl. — Co.Hog “h CoCl.. 

, Cobaltic 
hydrate. 

In the presence of an alkali (NaHo) the whole of the cobaltous 
hydrate is converted into cobaltic hydrate. 

AmHo produces in neutral solutions a slight precipitate of a basic salt, 
which dissolves readily in excess. The solution is reddish-brown. Ammonic 
chloride prevents the precipitation altogether. The solution absorbs oxygen from 
the air, and becomes red on standing. 

CONaoa precipitates Sb peach coloured basic carbonate 

COAmo2, same precipitate ; readily soluble, however, in excess, to a red 
solution. 

KCy gives with all normal cobaltous salts a brownish-white pre- 
cipitate of cobaltous cyanide, CoCy., soluble in excess, reprecipitated 
by dilute hydrochloric or sulphuric acid. 

If the cobaltous solution, however, contains free acid, so as to 
liberate hydrocyanic acid by the action of the latter upon the excess 
of KCy, and if the solution containing the double cyanide 2 KCy, 
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CoCy2, be heated for some time, dilute hydrochloric or sulphuric acid 
no longer produces a precipitate, the whole of the cobaltous cyanide 
having been converted into cobaltic cyanide, 'Co"'2Cy6, which 
remains combined with 6 KCy to form a well defined and stable salt, 
called potassic cobalticyanlde, K6Co2Cyi2, hydrogen being evolved, 
thus : — 

20 oCy 2 + 2 HCy = COoCye + H2. 

6 K 0 y 4 “ Co2Gy6 — K6Co2Cyi2. 

Potassic 

cobalticyanide. 

This salt is not acted upon by sodic hypochlorite in the cold. 

Separation of Nickel from Gohalt—lt is obvious that the hydro- 
cyanic acid reaction enables us to separate nickel from cobalt. — To 
a neutral solution of the two salts add cautiously a small quantity 
of a strong solution of hydrocyanic acid, and then, drop by drop, 
KHo (a solution of potassic cyanide may likewise be used) as long 
as a precipitate forms, and till the precipitate is just redissolved 
and the yellowish-brown turbid liquid has become clear. Heat 
gently for some time in a well- ventilated closet, till the odour of 
hydrocyanic acid has disappeared. Allow to cool, and add a con- 
centrated solution of sodic hypochlorite. NiaHor, is precipitated in 
the cold, and cobalt remains in solution, as K6Co2Cyi2. Separate 
by filtration. Test the residue before the blowpipe for nickel, and 
evaporate the solution to dryness, and test for cobalt by means of a 
borax bead. 

Instead of separating nickel as Ki2Ho6 by means of ClNao, the solution, after 
digesting with excess of IlCy, may also be precipitated whilst hot, with finely 
divided freslily precipitated mercuric oxide. On digesting for a s^iort time at 
a gentle heat, the whole of the nickel is precipitated, partly as NiHoa, partly as 
Ni0y2, the mercury combining with the liberated cyanogen. Filter off the 
greenish or yellowish-grey precipitate, wash, and ignite. Pure NiO is left j 
thus : — v 

(1) 2Ni0y2 + xHgO + OH2 = Hg-Cya + NiIIo2,NiCy2 + x-lHgrO. 

Q-reenish 

precipitate. 

(2) NiHo2,NiCy3 + HgrO = 2NiO + H8rCy2 + GHg. 

Volatile 
on ignition. 

The cobalt remains in the solution as K6Cq20yi2. Nearly neutralize with 
dilute nitric acid, and add a neutral solution of mercurous nitrate, N204Hg2o". 
A white precipitate of mercurous cobalticyanlde, (Hg"2)3Co2Cyi2, forms, 
whiph contains the whole of the cobalt. Filter, wash, and ignite under a hood 
with free access of air, when tricobaltlc tetroxide, O03O4, is left. 

Another method of separation consists in adding a concentrated solution of 
NOKo (potassic nitrite) in considerable excess to a concentrated normal 
•solution of a cobaltous salt, then acetic acid in sufficient quantity to freely re- 
dissolve the precipitate, which is at first produced by the free KHo and OOK02 
contained in the NOKo. On keeping the solution in a moderately warm place, 
the nickel salt remains in solution, and the whole of the cobalt separates in 
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the form of a crystalline precipitate of a fine yellow colour (from a dilute 
solution only after long standing), the formation of which is expressed by the 
equation ; — 

2^q^Coo" + 14NOKO + + OHj = UroOcCoaO’’!, 

Yellow 

61IOKo,30H2 + 4 NO 2 K 0 + + N 2 O 3 

precipitate. 

The precipitate is perceptibly soluble in cold, and more readily still in hot, 
water ; it is decomposed by hot nitric or hydrochloric acid, or by potassic 
hydrate ; insoluble in alcohol ; insoluble in the presence of potassic acetate ; 
and it can therefore bo washed by a solution of potassic acetate, and finally with 
alcohol. This hea.ction separates nickel prom cobalt very efpectually. 

From the filtrate the nickel is best precipitated as an apple- green basic car- 
bonate by a fixed alkaline carbonate. 

The presence of 15a, Sr or Ca salts interferes with the reaction, as it gives 
rise to the i)recipitation of a triple nitrite of Co, J>Ji and K. 

On igniting a small quantity of Na04Nio", a dirty greyish powder 
of NiO is left. Ignite next N2O4C00" gently ( 200 ^ C.), and black 

cobaltous dicobalbic tetroxide, CO3O4 = which 

is not soluble in boiling dilute acetic acid. On treating this oxide 
with hydrochloric acid, chlorine gas is evolved, according to the 
equation : — 

C03O4 + 8 H 01 = 3CoOh + Cl, + 40 H,. 

Both nickel and cobalt are capable of forming compounds in 
which the metals exist in a tetrad condition, viz., 

NUOs, or I and CO2O,, or | ; CO2S3. 

Nickelic Cobaltic Cobaltic 

oxide. oxide. sulphide. 

NUO, is, however, mostly obtained in the wet way by the action 
of oxidizing agents, and cannot exist at a high temperature. 

OO3O4, on the other hand, is obtained in the dry way, or on 
gentle ignition of cobaltous salts containing volatile acids, and gives 
up a portion of its oxygen only on strong ignition. 

The same tendency to form a compound in which cobalt exists 
as a tetrad element, is observed on exposing the freshly-precipitated 
hydrate to the air, or on passing chlorine or adding bromine or 
iodine to cobaltous solutions. 

Little use is, however, made of those reactions beyond the con- 
version of CoCys into COgCye, in the presence of potassic cyanide, 
or of CoO into CO2O3 in the potassic nitrite reaction. 

QUESTIONS AND EXERCISES. 

1. Translate into graphic formulae the ctonstitutional formulae of cohalt pyrites y 
cohalt vitriol, cohalt hloom, cobaltic cyanide. 
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2. How are CoO and C03O4 prepared ? 

3. How is Co separated from Ni ? 

4. 2 grms. of an ore containing Ni and Co yield ‘221 grm. of NiO and *1575 

grin, of C03O4 ; what is the percentage of Ni and Co in the ore ? 

5. Explain the formation of a blue glass when cobalt compounds are heated in a 

borax bead, or a bead of microcosmic salt. 

6. How would you prepare potassic cobalticyanide ? 


MANGANSSIj^ Mn”, and Atomic weight, 55. — Occurs 
in nature mainly in the state of Oxides, of which the mineral 
jjyrolusite^ Mn^^02, is the most important. It is found in small 
quantities in many iron ores, and is a frequent constituent of sili- 
cates : the MnO replacing the isomorphous bases, PeO, ZnO, MgO, 
CaO, without altering the crystalline structure of the minerals. It 
exists both in the dyad and tetrad condition in manganous and man- 
ganic oxides. The Anhydrous Oxides known, besides pyrolusitc, 

are hraunite^ MnOMno", or Mn^^oOs, liau.w'/ajivife, 

Mn^^ 304 ; the Hydrates are: wmKjanitc^ {MnOHo’ 


MnOHo 

MnOHo 


Mno", wad^ 


MnHo3T.4^ ,, ... 

MnHo' > 'VdTVictto^ 


{ 


'Mn"'0] 

Mno" (OzMn^^Hoa)", 

'Mn"X)J 


MnHos 


copper mangauj 0 Cuo", Manganese is found in combina- 
MnHo2 

tion with sulphur, in manganese blende, MnS ; with carbonic acid, 
in dialJoglte, COMno" ; with silica, in red '}nanganese or mangan 
Mesel {rhodonite), SiOMno", and in feplvroHe, SiMno" 2 ; with phos- 
phoric acid, as tripKte, P 20 Mno" 2 l'^eo" 2 - 


examination in the dry way. 

The presence of manganese is readily detected in minerals which 
contain no other oxides capable of colouring fluxes, as they dissolve 
■when heated in the outer flame, in the borax bead, or in a bead of 
microcosmic salt, to a clear violet-red pearl which becomes of a fine 
amethyst colour on cooling. The bead becomes colourless when 
heated in the reducing flame. If other metallic oxides are present, 
it is preferable to mix a small trace of the finely powdered man- 
ganese compound with two or three times its weight of sodic carbo- 
nate (a little nitre may likewise be added), and to fuse on platinum 
foil (a small platinum spoon or the lid of a platinum crucible) in 
the oxidising flame, when a bluish- grreen mass is left after cooling, 
consisting of sodic mangranate, Mll02Hao2. The mass at the same 
time loses its transparency. This forms the most characteristic 
REACTION FOR MANGANESE. Manganous and manganic oxides are 
converted into a higher oxide, in which Mn exists as a 

hexad. 

examination in the wet way. 

All the higher oxides of manganese, when heated with hydro- 
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chloric acid, evolve chlorine, and are converted into manganous 
chloride. The chlorine so evolved becomes the measure of the 
amount of Mn02 present in a manganese ore. 

We employ A solution of manganous chloride, MnCls (free 
from Fe). 

Solutions of pure manganous salts (free from manganate or permanganate) 
are colourless. 

SAm2 (ifrroup.reairent) gives a flesh-coloured precipitate of man- 
iranous sulphide, MnS, readily soluble in dilute acids, even acetic 
acid. Hence the presence of free acetic acid prevents the precipita- 
tion of manganese (method op distinguishing Co and Ni prom Mn). 
The manganese may be separated by repeating once or twice the 
precipitation of cobalt and nickel in the presence of acetic acid. 

SHo does not precipitate a neutral solution of a manganous salt ; the acetate 
even is precipitated very slowly and imperfectly, and not at all when free acetic 
acid is present. 

KHo or NaHo gives a white precipitate of man^nous hydrate, 
MnHo2, insoluble in excess. The precipitate absorbs speedily 
oxyc^en from the air, and turns dark brown with formation of 

{mSoHo> when it no longer dissolves completely in ammonic 

chloride. 

AmHo precipitates a white hydrate from neutral solutions ; in- 
soluble in excess, or in ammonic carbonate. 

No precipitate is produced in solutions containing ammonic 
chloride. On exposing an ammoniacal solution of the soluble 
double chloride, 2AmCl,MnCl2, to the action of the air, the whole 
of the manganese is gradually precipitated as dark brown diman. 

granlc dloxydlhydratc, | reaction is characteristic for 

manganese compounds. 

AmHo conveys in this change oxygen to the manganous salt in a manner 
similar to the action it has upon coholtous salts, or upon metallic copper, in the 
presence of oxygen or air. 

Owing to this tendency of manganous salts to become oxidised and precipi- 
tated in tile presence of AmHo, it is all but impossible to separate manganous 
from ferric salts by means of Am Cl and AmHo. Tlie reddish-brown ferric 

hydrate, which is precipitated, invariably carries down more or less »’ 

and small quantities of manganese cannot, therefore, he separated from iron by 
precipitation 'with AmCl and AmHo, The separation succeeds best if the excess 
of ammonia is immediately boiled off. 

CONaOg or OOK02 precipitates white manganous carbonate, 
COMiio", insoluble in excess of the reagent, but pretty readily 
soluble in ammonic chloride This precipitfjte absorbs likewise 
oxygen from the air, and turns to a dirty brownish- white colour, 
owing to the formation of dimanganic dioxydihydrate. On ignition 
with free access of air, the white carbonate turns first black, and 
changes subsequently to brown trimanaanic tetroxide, Mn 304 . All 
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manganese oxides are obtained upon ignition in air in the form of 
MnaOi. 


KCy gives a whitish precipitate of maniranoa* cyanide, ICnCj:, soluble in 
excess to a brown solution, which is not precipitated by SAm2- 

We have just seen how readily manganous compounds are converted, more or 
less completely, into higher oxides, in which manganese acts the part of a tetrad 
element. In the brown hydrated dioxide, obtained when a manganous salt is 
digested with sodic hypoclilorite, according to the equation : — 

MnCla + ClNao + 2OH2 = Mn^^OHog + NaCl + 2 HC 1 , 


the manganese exists likewise as a tetrad element. By fusion in the dry way 
with sodic carbonate, alone or together with nitre, the manganous or manganic 
compounds are converted into an alkaline manganate, in which the metal man- 
ganese acts the part of a hexad element. Manganic acid itself has never been 
isolated. It is obtained, however, in combination with a few of the stronger 
metallic bases, forming manganates, of which the alkaline manganates only dis- 
solve in water to green solulions. 

Manganates are readily decomposed in aqueous solutions. On gently heating 
a solution of potassic manganate with free access of air, the green colour changes 
to ^urple^red, owing to the formation of potassic permanganate,* Mn20sKo2 = 

{ 'Mn'' 0 "(OKoj’ separation of hydrated dioxide, thus : — 

3M11O2KO2 4 - 3OH2 ~ Iffll 20 gh .02 + BI11OII02 “t d'KIIo. 


The (diange is accelerated by adding a few drops of a dilute mineral acid, e.g.y 
nitric, hydrochloric, or sulphuric a(;id, which combines with the liberated alkali. 
This reaction is extremely delicate. 

The metal manganese seems to act here the part of a pseudo-octad element; 
and it may readily be inferred that the different oxygen atoms perform different 
functions in such a highly oxygenised compound, and that the metal manganese 
will part with some more readily than with others. 

Manganic dioxide, as well as other native })eroxideB, already enumerated, 
also the alkaline manganates and permanganates, act as powerful oxidizers, 
ditfering merely in the inlensity of their oxidizing action. 

Manganic dioxide gives off oxygen on the addition of concentrated sulphuric 
acid, and forms normal manganous sulphate : — 


(Atomic equation) M11O2 + 8021102 — O + SO^Mno" + OH2. 

» 

Sulphuric acid added to sodic manganate, gives off a molecule of oxygen, and 
forms manganous and sodic sulphates, thus : — 

]ffin02Nao2 + 2 SO 2 H 02 = 02+ SOgMno" + S02Nao2 + 2 OH 2 . 

Sulphuric acid added to a solution of potassic permanganate, liberates five 
atoms of oxygen, and leaves manganous and potassic sulphates in the solution, 
thus : — 

(Atomic equation) MnO^(OKo) 3SO2H02 = 05 + 2 S 02 Mno" 

+ SOjKoa + 3OH2. 

Hydrochloric acid acts likewise upon the higher oxides of manganese wdth 
evolution of chlorine and formation of metallic chlorides and water. The per- 
oxides of manganese, especially the hldck oxide, constitute the principal sub- 


* Permanganic acid has never been isolated. It exists only in a few metallic 
salts called permanganates, which are soluble in water, forming intensely purple- 
red solutions. The salts crystallise from an alkaline solution in beautiful large 
crystals of deep violet lustre. 
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stances, together with hydrochloric acid, or sodic chloride and oil of vitriol, for 
evolving chlorino in the laboratory and on a manufacturing scale. 

We know of no other mineral oxidising agent capable of yielding from one 
molecular group of elements five atoms of oxygen ; and there are but few ele- 
mentary substances which resist the oxidizing action of potassic permanganate. 
Hydrogen, freshly-ignited carbon, phosphorus, iodine, sulphuretted hydrogen, 
carbonic disulphide, are oxidized more or less rapidly. Metals, such as zinc and 
iron, become oxidized after a few days ; load, copper, mercury and silver after 
some time. Many lower oxides, chlorides, etc., are converted into higher oxides, 
etc., especially in the presence of a free acid (hydrochloric or sulphuric acid). 

Thus arsenious is converted into arsenic acid, sulphurous into sulphuric, 
nitrous into nitric, phosphorous into i)hosphoric acid. Oxalic acid is oxidised 
into carbonic anhydride and water. Lower, or -ous clilorides, sulphates, etc., are 
converted into the higher or -ic salts, e.g., ferrous, stannous, antimonious, cuprous, 
and mercurous chlorides are oxidized chlorinized ”) in the presence of free 
hydrochloric a(;id into ferric, stannic, antimonh^, cupric;, and mercuric chlorides ; 
the manganese and potassium of the permanganate are left in solution as chlo- 
rides. Ferrous, cuprous, and other sulphates are converted in the j)reBence of 
free sulphuric or hydro(;hloric acid into ferric or cupric suliDliates. 

Potassic; pc;rmanganute oxidizes also many organic bodies, such as sugar, gum, 
ccdlulose (in paj)er, cotton), uric acid, etc. The reaction in all these cases is indi- 
cated by a change of colour. On adding, for instance, the purple; coloured per- 
manganate solution to a solution of sulphurous acid, the colour is instantaneously 
destroyed as long as any sulphurous acid is left. Permanganate bc;comes, there- 
fore, the measure for sulphurous acid, and in like manner for other lower oxidc;s, 
chlorides, etc. 

Sulphurous acid requires one atom of oxygen in ord(;r to be converted into 
sulphuric acid, and potassic permanganate can part with five atoms of oxygen. 
One molecule of the oxidizing agemt oxidizes, therefore, five molecules of the 
reducing agent, i.e.y 316 parts by weight of potassic permanganate become the 
measure for 5 x 64 = 320 parts by weight of SO 2 . 

Two molecules of ferrous sulphate combine with one atom of oxygon and one 
molecule of sulphuric acid, to form one molecule of ferric sulphate, thus : — 

2S02Feo" + O + SO 2 H 02 = SaOoFeoO^* + OH 2 . 

Hence one Snolecule of dipotassic permanganate oxidizes ten molecules of 
SO 2 Feo", ten molecules of FeO, or ten atoms of Fe j and 316 parts by weight 
of Mn 206 Koo become the measure for 

10 X 152 parts by weight of SOgFeo" 
or 10 X 72 „ FeO 

or 10 X 66 „ Fe. 

QUESTIONS AND EXERCISES. 

1 . Which are the most important manganese ores ? 

2. Which manganese ores can be employed for generating chlorino ? 

3. Explain the action of concentrated SO 2 H 02 upon MnOo, Mn02Nao2 and 

Mn 20 QKo 2 ; and express the changes by equations. 

4. Translate into graphic formulae the constitutional formulae of pyrolusite^ 

hraunitey hausmannite^ manganiie, pfsUomelnney wad^ r.arvkdie, and 
tephroite. 

5. Describe the most characteristic blowpipe reactions for manganese compounds. 

6. How can Mn be separated from Ni and Co ? 

7. How is Mn separated from calcium or from potassium ? 

8. What change does a solution of dipotassic manganate undergo when heated 

in contact with air ? 

9. Give evidences of the dyad, tetrad, and hexad nature of manganese. 

10. Give the graphic formula) for disodic manganate and dipotassic perman- 
ganate. 
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11 . Explain the action of AmHo upon cobaltous and manganous salts, 1 st, in the 

presence of ammonic chloride ; 2 nd, in the absence of ammonic salts ; and 
3rd, with free access of air. 

12 . State why Mn is separated with difficulty from by means of AmCl and 

AmHo. 

18. What change does COMno" undergo upon ignition ? 

14. By precipitating 2*622 grms. of a manganous salt with sodic carbonate and 

ignition of the precipitate, 1*325 grm. of 1111304 is left ; what is the per- 
centage of manganese in the salt ? 

15. What is the action of dipotassic permanganate upon HCl, SHg, SO^, 

{ COHo’ ^^ 2 d 2 jreCl 2 ,SnCl 2 ? Express the changes by equations. 

16. How much sulphurous anhydride by weight and by volume (at if C. and 

760 mm. barometrical pressure) will be required to decolorise a solution 
containing *500 grm. of dipotassic permanganate ? 

17 . Explain the action of sulphurous anhydride upon manganic dioxide. 

18. *125 grm. of dipotassic permanganate had to be added to a given quantity of 

an acid (SO 2 H 02 ) solution of S02Feo". Calculate how much metallic 
iron the solution contained. 

19. '450 grm. of spathic iron ore^ COFeo", when dissolved in hydrochloric acid, 

required *100 grm. of Mn206Ko2. What will be the percentage — Ist, of 
carbonate ; 2nd, of metiillic iron, contained in the ore ? 

20. 1*240 grm. of OO 2 was evolved when 1*780 grm. of pyrolusite was treated 

with moderately concentrated SO 2 H 02 and What is the per- 

centage of lin 02 in the ore, and how much chlorine gas by weight and by 
volume can be evolved from 100 grms. of the ore when treated with HCl ? 


ZINC^ Zn". Atomic weight, 65. — Occurs in nature chiefly as 
SULPHIDE, or zinc hlendey llaclc jack, ZnS ; as CARBONATE, or cala- 
mine, COZno" ; and as silicate, or zmc glance, electric calamine, 
SiZno" 8 ,OH 2 , Willemite, SiZno^g; also as oxide — the only oxide 
known — in red zinc ore, ZnO. 

.REACTIONS IN THE DRY WAY. ** 

The most characteristic blowpipe reaction for zinc consists in the 
white incrustation of zincic oxide which its compounds yield when 
heated on charcoal in the reducing flaine with sodic carbonate. The 
zinc compound is reduced to the metallic state, and the metal being 
volatile, burns, on passing through the outer flame, with a bluish - 
green flame, and is converted into oxide, which covers the charcoal 
with an incrustation, yellow when hot, white when cold, and which 
assumes a fine green colour when treated with a solution of cobaltous 
nitrate, and on being once more strongly heated in the outer flame. 
The incrustation is not driven away in the oxidising flame, — zincic 
oxide being non-volatile. 

Zinc compounds give with borax or microcosmic salt in both flames a bead, 
which is yellowish while hot, and white on cooling ; opaque if much zinc salt be 
present. This applies, however, only to pure zinc compounds, and the detection 
of zinc in poor ores containing other readily oxidizable metals (such as Pb, Cd, 
As, Sb, which give likewise incrustations), is a matter of great uncertainty. 

Zincic sulplude {zinc blende), when roasted in a tube of hard glass, loses part of 
its sulphur in the form of sulphurous anhydride, and leaves some zincic sulphate, 
{white vitriol), which may be extracted with water. 

Calamine leaves on ignition zincic oxide. 

D 
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REACTIONS IN THE WET WAY. 

We employ a solution of Zincic Chloride, ZnCl2, or of Zincic 
Sulphate, SO2Z110", = S02(02Zii)''. Both salts yield colourless 
solutions. 

SAmg (in*oap-rea9eiit) gives a white precipitate of zincic 
Bttlplilfie, ZnS, insoluble in excess. From dilute solutions the pre- 
cipitate separates only after some time, more speedily in the presence 
of ammonic chloride. It is readily decomposed by dilute hydro- 
chloric and sulphuric acids, with evolution of sulphuretted hydrogen; 
also by nitric acid, but is insoluble in acetic acid. 

SH2 precipitates zinc imperfectly from neutral solutions of zincic 
salts with mineral acids ; but from an acetate or a solution of a zincic 
salt mixed with an alkaline acetate, the whole of the metal is pre- 
cipitated by sulphuretted hydrogen as zincic sulphide, even in the 
presence of much acetic acid (method of separation of Zn from 
Mn). Free orgranic acids prevent the precipitation. 

KHo or NaHo precipitates the white hydrate, ZnHo2, readily 
soluble in excess, and in AmHo, reprecipitated almost entirely on 
diluting with water and on boiling, soluble also in ammonic chloride. 
Sulphuretted hydrogen precipitates the whole of the zinc from these 
solutions. Free organic acids prevent the complete precipitation. 
In the presence of the hydrates of manganese, nickel and cobalt, KHo 
or NaHo does not dissolve out the whole of the zincic hydrate. 

COKao2 or COK02 produces a white precipitate of basic car- 
bonate, consisting of two molecules of zincic carbonate and three 
molecules of zincic hydrate, according to the equation : — 

rCHo(OZn"Ho)2 

SSOaZno" + 6CONao2 + 3OH2 Zno" + 5S02N*ao2 

LOHo(OZn''Ho)2 

Diliydric pentazincic 
dicarbonate tetrahydrate. 

" + 3CO2. 

A large excess of ammonic salts prevents the precipitation. 

This carbonate leayes on ignition ZnO, also known under the name of zinc 
white, 

OOAmo2 produces the same precipitate, soluble, however, in excess. 

KCy gives a white precipitate of zincic cyanide, ZnCyo, soluble in excess, 
not reprecipitated by SAm2, but completely precipitated by SH2 as ZnS (Method 
for the separation of Zn from Ni). 

Zinc precipitates the less electropositive metals from their solutions, viz., As, 
Sb, Sn, Cd, Cu, Pb, Ag, Bi, Hg ; and on dissolving impure metallic zinc in dilute 
acids (hydrochloric or sulphuric), these metals do not dissolve, as long as any 
zinc remains undissolved. Hence zinc protects other metals, such as copper, iron 
(galvanized iron), from the oxidizing action of the air. 

Zinc, when placed in contact with platinum, iron, etc., dissolves in alkaline 
solutions in the cold ; when boiled with KHo (NaHo, or even AmHo), it dissolves 
likewise, with evolution of hydrogen and formation of dtpotagsic zincic oxide, 
ZnKoj. 

Zinc vapour decomposes OO2 at a high temperature, and forms ZnO and CO ; 
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at a lower temperature, ZnO yields its oxygen again to carbon (Method of extract- 
ing metallic zinc from some of its ores) . This forms an interesting instance of 
reciprocal chemical action. 

QUESTIONS AND EXERCISES. 

1. Explain the action of HCl, SO 2 H 02 , NO 2 H 0 , and KHo upon metallic zinc. 

Express the changes by equations. 

2. Give the names and composition of the most important zinc ores, and translate 

their constitutional into graphic formulce. 

3. Describe the blowpipe reactions for zinc compounds. 

4. Express by equations the reactions for zinc in the wet way. Give graphic 

formulae for the basic carbonate and dipotassic zincic oxide. 

5. 1*5 grm. of calamine yielded *876 grm. of ZnO, what is the percentage of 

zinc in the ore ? 

6. How is metallic zinc obtained from calamine^ or red zinc ore ? 

7. How has ZnS to be treated in order to extract from it metallic zinc? 

8. How is Zn separated from Mu ? 

9. How can Zn be separated from Ni and Co ? 

10. How would you remove the zinc from an alloy of Zn and Cu (brass) ? 

11. How is white vitriol prepared, Ist, from zinc blende^ 2nd, from calamine 1 

Give the composition of the crystallized salt. 

12. You have given to you calamincy zinc hlendcy hydrochloric acid, water, and 

sodic carbonate. State how you would prepare from these materials zincic 
oxide or zinc white. Express the changes by equations. 


IRON. Fe'V^5 and Atomic weight 56. — One of the few 
metallic elements which occurs very abundantly in nature, mostly 
in the combined state. It will suffice if we consider more espe- 
cially those iron ores which contain the metal in sufficient quantities 
and which are sufficiently free from deleterious substances (such 
as S, P, As), to render them suitable for the extraction of iron 
by the usual metallurgical processes. The most important iron 
ores are : — 

1st. Ores containing Ferrous Oxide : — spathic or sparry iron 
ore, OOFeo", (sphaerosiderUc) containing varying quantities of 
C()Mno'', COMgo", and COCao" ; black hand or carbonaceous 
iron ore, a sphaerosiderite containing from 20 to 25 per cent, of 
bituminous, matter ; clay ironstone (likewise a siderite) is, as its 
name indicates, associated with clayey matter. It is from these 
two ores that the greater part of the iron manufactured in this 
country is derived. They occur in immediate proximity to the coal 
measures and limestone beds — the fuel and flux necessary for their 
reduction to the metallic state. 

2nd. Ores containing Ferrous and Ferric Oxides : mz., 

f PeO 

magnetic iron ore^ IPe^O^ = < P 0 Q®'go'' (ferrous diferric tetroxide). 

3rd. Ores containing Ferric Oxide only : wz., red hcematite 
{micaceous iron^ oligist, specular iron or iron glance')^ = 

f PeO 

I PeO^ (ferric oxide). This oxide forms different hydrates which, 

according to the amount of water which they contain, have received 

d 2 
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different names, viz.^ turgite^ 2Fe203,OH2 


FeOHo 

P^qO (tetrn, ferric 
FeOHo 


pentoxy-dihydrate) ; needle iron ore^ irown iron ore, or pyrrhosiderite, 

Fe203,OH2 = I (diferric dioxy-dihydrate) ; limonite or 

( FeOHo 
\ FeHoa 

compact brown iron ore, brown hcemaUte, 2Fe203,30H2 = 0 

FeHog 


FeOHo 


(tetraferric trioxy-hexahydrate) ; (varieties : oolitic iron ore, pea 
ore) ; yellow iron ore or xantliosiderite, Fe203,2OH2 = | FeHo!^ 


(diferric oxy-tctrahydrate) . 

A few other iron ores deserve our attention. They are not 
used for the extraction of iron, but are valuable as a cheap source 
of sulphur, viz., iron 'pyrites, 'inartial pyrites or mundic, FeS2, 
found abundantly in nature ; Fe^Sa (diferric trisulphide) ; copper 

{ FeS 

p^gCu2s", and 'magnetic pyrites, {)FeS,Fe2S3 
= FCtSs, which may be expressed graphically, thus : — 


S=re Fe Fe Fe Fe Fe 


L 


(Pentaferrous diferric octasulphide,) 


Besides these ores, iron is found in nature in combination with 

f ''As' 

ARSENIC and sulphur, in 'trdspiclcell ,/^g/Fe,Fe^’^S2 ; with chromium 

f 'Cr"'0 . SiO"^^ 

as chro'me iron ore | 'Qj.'//QFeo" ; with siLiCAas chloropal, SiO = Fe20^*, 

30 Ho, and many other silicates ; as sulphate, in green copperas 
or green vitriol, SOHo2Feo",60H2 ; as phosphate in vivianite,* 
P202Feo"3,8OH2 (triferrous phosphate), and others; as arsenate, 
in scorodite, As202Fe20’^,4OH2, and others. 


reactions in the dry way. 

On heating the different iron compounds on charcoal before the 
blowpipe, they turn black and become magnetic ; when heated in 
the outer flame, on a borax bead, iron compounds impart a dark red 
colour to the borax, whilst hot, becoming liirlit yeUow, when cold. 
In the redzicing flame they give an olive-irreeii to toottle-grreen bead. 

* Contains also ferric phosphate, P 202 Fe 20 ^S 80 H 2 , to which the blue colour 
of the mineral is due. 
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The reactions with microcosmic salt are similar but less distinct. The pre- 
sence of Co, Cu, Ni, Or conceals the colour of the iron bead. Ferric sulphides 
and arsenides must be roasted, previous to being introduced into the borax bond. 
When heated with CONao2 on charcoal, in the reducing flame, metallic iron is 
obtained as a magnetic powder. 

REACTIONS IN THE WET WAY. 

Iron forms two series of salts, viz., ferrous and ferric salts. 
It dissolves readily in dilute acids, sucli as HCl, SO2H02, forming 
ferrous salts, FeCl2, S 02 Feo", with evolution of hydrogen. Cold 
dilute nitric acid dissolves finely divided iron (iron filings) without 
evolving hydrogen gas, the nitric acid being decomposed, so as to 
form ferrous nitrate and a small amount of ammonic nitrate ; 
the reaction may be expressed thus ; — 

4 Fe + lONOjHo = 4 <i + NO^Amo + 30 H 

The metal iron exists in all these salts in the dyad condition, 
but exhibits a marked tendency to pass into the tetrad condition. 
Exposed to the air, PeCh and SOiEeo" absorb oxygen and are gra- 
dually converted into ferric salts. The same change is produced by 
the action of various oxidising agents, such as CI2, Br2, I2, ClNao, 
KO3CI in the presence of HOI, NO2H0, NO^Ago, AuCh, HgCh, 
M1I2O6K02, Cr 02 Ko 2 , and others. We therefore in ferrous 

compounds powerful reducing agents. 

The tetrad condition appears to be the natural state ot existence of the metal 
iron. This is rendered evident, moreover, by the limited number of ferrous com- 
pounds which exist in nature. The latter must be viewed as unsatisfied bodies, 
which, under favourable conditions, deprive other bodies, directly or indirectly, 
of oxygen, to form ferric compounds. Dyad iron, Fc" (caDed ferrosurn) has 
two bonds latent, which it is eager to satisfy, so as to become convei-.>ed into the 
more stable tetrad iron,re^^ (or ferricum)^ in which condition it occurs in nature 
in combination with sulphur only, as FeS2, without forming any corresponding 
oxygen, chlorine, etc., compounds. Two atoms of tetrad iron are invariably 
linked together in ferric oxide, chloride, etc., whereby iron becomes a pseudo- 
triad element. It is possible to combine, by artificial means, three atoms of 
oxygen with one atom of iron, so as to form ferrates, as in potassic ferrate, 
Fe02Ko2, in which compound the iron exists as a hexad element. 

These different combining conditions of the metal iron may be 
represented graphically, thus : — 

V 

Dyad iron — Fe— , e.^., in PeCb, PeO, PeS. 


Tetrad iron — Fe — , or pseudo-triad iron, — Fe — Fe — , e.q,y in 

y\ II' 

/'Pe'"Cl 3 f'Pe^'S^ /Te'"0^ . 


\/ 

Hexad iron — Fe — , or =Fe=, c.7., in Pe^02Ko2 
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A. Ferrous compounds. — We employ A solution of ferrous 
SULPHATE, S02Feo", = SOaCOaFe)". 

SAma (Kroup-rcni?cnt) gives a hlack precipitate of ferrous 
sulphide, PeS, insoluble in alkalies and alkaline sulphides, easily 
decomposed and dissolved by dilute hydrochloric acid, with evolu- 
tion of sulphuretted hydrogen. The moist precipitate absorbs 
oxygen from the air, and is rapidly converted into ferrous sulphate, 
and lastly into yellow basic ferric sulphate, with evolution of much 
heat. (This oxidation constitutes a frequent cause of the spon- 
taneous inflammation of pyritical coal (which contains Pe 7 S 8 ) oii 
board vessels.) 

SH2 does not precipitate neutrtil or acid solutions of ferrous salts ; ferrous 
acetate cren is only partially precipitated. 

KHo, NaHo, or AmHo precipitates from ferrous salts (free from 
ferric salts) white ferrous hydrate, PeHoa, which turns rapidly to a 
dirty green colour, and ultimately becomes reddish-brown, owing to 
absorption of oxygen from the atmosphere. Ammonic salts par- 
tially prevent the precipitation by the fixed alkalies, and AmHo 
gives but a slight precipitate in a ferrous solution, containing a 
sufficient amount of AmCl. The presence of non-volatile organic 
acids, of sugar, etc., also prevents the precipitation more or less. 

OONaoa, COK02, or COAmoa precipitates white ferrous carbonate, 
COFeo", which becomes rapidly oxidized when exposed to air. 

K 4 PeCy 6 (potassic ferrocyanlde) produces, by the replacement of 
Ka by Fe", a bluish-white precipitate of dipotassic ferrous ferro* 
cyanide, KaFe^FeCye, thus : — 

SOaFeo" + K4FeCy6 = KaFe'TeCye + SOaKoa. 

^ Bluish -white 

precipitate. 

insoluble in hydrochloric acid. The light blue precipitate is rapidly 
converted into a dark blue precipitate, or Prussian hluc, either by 
exposure to the air, or more speedily by an oxidizing agent, tlyis : — 

4KaFe"FeCy6 + 2 OI 2 = 3FeCya,2FeaCy6 + 4KC1 + K4FeCye. 

Prussian blue. 

KeFcaCyia (potassic ferricyanide) produces a dark blue precipitate 

of trlferrous diferric dodecacyanide, Fe" 3 'Fe'" 2 Cyi 2 (Turnbull’s blue), 

insoluble in hydrochloric acid, thus : — 

SSOaFeo" + KflFeaCyia = + SSOaKoa. 

Turnbull’s blue. 

NaHo or KHo decomposes both precipitates with formation of 
soluble alkaline ferro- and ferricyanides, and separation of ferrous 
and ferric hydrates, thus : — 

(1) KaFe'TeCye + 2KHo = K 4 FeCy 6 + FeHoa. 

(2) 3FeCy2,2Fe2Cy6 + 12IsraHo = SNaiFeCys + 2Pe2Ho6. 

(3) Fe"3'Fe'"a0yia + SNaHo = 2Na4FeCy6 + Pe804,40Ha. 
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These precipitates cannot form, therefore, in an alkaline solu- 
tion. 

CyKs (potassic sulpbocyanate) gives no indication, if the ferrous 
contains no ferric salt. 


B. Ferric compounds. — We employ A solution OF Ferric Chlo- 

lUDE, 'Pe'"*01„ = 

SAm2 (grroup-reaaent) produces a hlach precipitate of ferrous 
sulphide. PeS, mixed with sulphur, thus: — PCaCle -h 3SAm2 = 2PeS 
+ S 6AmCl. Dilute solutions of iron give only a greenish colora- 
tion. 

On dissolving the black precipitate in dilute hydrochloric acid, 
sulphuretted hydrogen is evolved, and white insoluble sulphur is 
left. (Distinction between ferrous and ferric salts.) Sulphur 
is not capable of forming a ferric sulphide in the wet way ; native 
sulphides exist, however, viz., PeS2 and Pe2S3, which are insoluble 
in dilute hydrochloric acid, but dissolve with evolution of SH2 in 
the presence of metallic zinc. 

SH2 does not precipitate Pe2ClG ; its hydrogen acts as a reducing 
agent upon the ferric salt, converting it into 2PeCl2 and 2HC1, white 
sulphur being precipitated, which renders the solution of the ferrous 
salt milky. 

KHo, NaHo, or AmHo precipitates the reddisli^hrown ferric 

hydrate, Pe203,2OH2 = j 'pe"'Ho^^’ oxytetrahydrate, 

insoluble in excess and in ammonic salts (except COAmo2). Non- 
volatile organic bodies («.^/., tartaric or citric acid, sugar, etc.) 
prevent its precipitation by AmHo, but not by SAm2. The pre- 
cipitate retains with great tenacity small portions of 'the fixed 
alkalies. 

CONao2, COK02, and COAmo2 produce the same precipitate 
with evolution of carbonic anhydrida 

POHoNao2 (hydric dtsodic phosphate) produces a yellowisJi^ 
luhiteJlocculerU’ gelatinous precipitate of ferric phosphate, P202Fe20^*, 

4Aq. The precipitation is complete only in the presence of sodic 
or ammonic acetate, thus ; — 


Pe20l6 + 2POHoNao2 + 2 
+ 2 


{ooir .0 = "“Arw." + 6N.ci 

/OH. 

\COHo- ‘ 


On the addition of the first few drops of hydric disodic phosphate, 
and as long as the ferric salt is largely in excess, the precipitate may 
disappear again, especially on gently warming, since it is somewhat 
soluble in ferric acetate. When the precipitation is nearly complete, 
the ferric phosphate separates more speedily, especially on stirring 
and gently heating, and allowing to subside after each addition of 
the phosphate solution. The precipitated ferric phosphate should- 
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be filtered hot, and washed by decantation with hot water. It is 
soluble in dilute mineral acids — hence the addition of an alkaline 
acetate; insoluble, however, in acetic acid, like the corresponding 
chromic* and aluminic phosphates. 

Phosphates of the alkaline earthy metals (Ba, Sr, Ca, Mg), which 
are readily soluble in acetic acid, may thus be separated by filtration 
.from the phosphates of Fe'^, Al^'^, (and Cr^^). Owing to this pro- 
perty of ferric phosphate, it is also possible to decompose alkaline 
earthy phosphates, in a sodic acetate and acetic acid solution, by 
adding, drop by drop, a neutral solution of ferric chloride, according 
to the equation : — 

2POHoBao'' + + {cqHo + 

+ 2BaCU + 2NaCl + 3 | cOHo’ 

as long as a yellowish- white precipitate comes down, and till the 
supernatant liquid becomes just red, from the formation of ferric 
acetate. 

Ferric phosphate dissolves in excess of hydric disodic phosphate, 
in the presence of ammonic hydrate or carbonate, to a brownish-red 
solution. It is somewhat soluble in ferric, but not in ferrous acetate. 
Alkalies decompose it with difficulty only. Ammonic hydrate reduces 
it to a basic phosphate (P4O (Fe206)'^Fe20’^2 + 16 aq.), Potassic or 
sodic hydrate removes nearly the whole of the acid. Fusion with 
caustic fixed alkalies, or with fusion-mixture, or boiling with ammonic 
sulphide, decomposes ferric phosphate completely, leaving the iron 
as oxide or sulphide, from which the soluble alkaline yjhosphate can 
be separated readily by filtration. 

Citric or tartaric acid prevents the precipitation of ferric phos- 
phate. 

KiFeCye gives n,fins blue precipitate, 3FeCy2,2Fe2Cy6, known as 
Prussian blue, thus : — ‘iFegCle -h 3K4FeCy6 = 3FeCy2,2Fe2Cy6 + 
12KC1. Insoluble in hydrochloric acid ; decomposed by KHo or 
NaHo ; soluble in oxalic acid ; soluble also in excess of K 4 FeCy 6 , to 
a blue solution. 

K 6 Fe 2 Cyi 2 produces no precipitate, but the yellow colour of the 
ferric solution changes to reddish-hruwn. (Distinction between 

FERROUS AND FERRIC SALTS.) 

CyKs (potassic sulphocyanate) gives a dark red or blood red 
colour, even in the case of very dilute solutions, which is not 
destroyed by hydrochloric acid. The sensitiveness of the reaction 
is heightened by shaking a hydrochloric acid solution containing 
mere traces of a ferric salt with ether. The blood red ferric sulpho- 
cyanate, Cy 6 Fe 2 S^, being soluble in ether, becomes thus concentrated 
into a small bulk of liquid. The colour of the liquid is readily 

* Cliroraic pViosphate, especially when freshly precipitated, is dissolred, 
although with some difficulty, in acetic acid, especially on heating. 
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destroyed by a solution of mercuric chloride (also by tartaric or 
phosphoric acid). (Distinction of Fe'' from Fe*^.) 

This confirmatory test should invariably be applied, because ferric acetate, 
when heated in presence of acetic acid, gives likewise a deep red coloration, 
which becomes lighter coloured on cooling. 

Excess of sodic acetate, added to a solution of a ferric salt, pro- 
duces a deep red- coloured liquid, owing to the formation of ferric 
acetate. On diluting and boiling, the whole of the iron is preci- 
pitated as basic ferric acetate in the form of brownish-yellow flakes^ 
which should be filtered hot, and as quickly as possible, as soon as 
the fluid has become clear. (Method for separating Fe^^ from Mn".) 

Ammonic succinate or benzoate precipitates ferric, but not ferrous salts* 
as ferric succinate or benzoate.^ The ferric solution should be perfectly 
neutral. Salts of FeO, ICnO, OoO, NiO, ZnO are not precipitated. (Method 
OF SEPARATION OF FROM Fe", Mn, Ni, Co, Zn.) 

Freshly precipitated and well washed baric or calcic carbonate, 
suspended in water, precipitates ferric (not ferrous) chloride, as 
ferric hydrate, Fe2Ho6, mixed with basic salt, with evolution of 
carbonic anhydride. The reagent is added to the neutral ferric salt 
in the cold, and well shaken up with it, till the reddish-hrown pre- 
cipitate acquires a whitish appearance, from excess of the alkaline 
earthy carbonate. 

OOBao" separates in like manner the higher or -ic chlorides of 
this group from the lower or -ous chlorides. In order to separate 
ferric from ferrous compounds, or ferric (chromic and aluminic 
compounds) from ferrous, zincic, manganous, cobaltous, and nickel- 
ous salts, it is necessary that these metals should all be obtained in 
the form of chlorides, when, on the addition of baric carbonate, the 
respective hydrates, mixed with basic salts, are precipitated from 
the ferric, etc., chlorides, whilst ferrous chloride and the’chlorides 
of Zn, Mn, Ni, and Co, are not affected. Air has to be excluded as 
carefully as possible, in order to prevent the oxidation of the ferrous, 
manganous, and cobaltous oxides ; aud the reaction should be per- 
formed in a small flask, filled nearly to the neck with the liquid, and 
kept well stoppered, after the evolution of the carbonic anhydride 
has ceased. The addition of ammonic chloride, previous to the 
precipitation with baric carbonate, almost entirely prevents any 
cobaltous and nickelous hydrates from falling out with the baric 
carbonate precipitate. (Method for separating Fe*^, (also Al and 
Cr), from Fe", Zn", Mn", Ni", and Co".) 

The precipitate is filtered oS and dissolved in hydrochloric acid ; 
the barium is removed by means of dilute sulphuric acid, and the 
iron, etc., precipitated by AmHo. 

Tannic as well as gallic acid (tincture of nut-gaUs) produces from neutral 
ferric salts a bluish-black precipitate (ink), readily soluble in acids, 

A very delicate reaction for Fe*^ consists in adding a few drops of a solution 


* The formulae of these compounds will be explained under the respective 
acids. 
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of potassic ferricyanide to a dilute solution of a ferric salt, and next a few drops 
of a very dilute solution of stannous chloride, SnOla. A blue precipitate indi- 
cates the presence of iron, thus : — 

(1) rsaCle + K8Fe2Cyi2 gives no precipitate, but merely a dark-brown 

coloration. 

(2) FeaCle + SnClj = 2FeCl2 + SnCl4. 

(3) 3F6CI2 + KgFe2Cyi2 *= Fe^8Fe2Cyi2 + 6KC1- 

Turnbull’s blue, 

A ferric salt when coming in contact with certain bodies (especially bodies con- 
taining some latent bonds) which possess a stronger affinity for oxygen, chlorine, 
etc., than the ferric compound, acts towards such bodies as an oxldizlngr agrent. 
Thus S*''OHo 2 is converted into Sv*02Ho2 ; KI gives oif iodine ; Sn"Ol2 is con- 
verted into Sn*'^Cl4 ; SSONao2 (sodic hyposulphite) is oxidized to SOiHoNao. 
Iron or zinc readily reduce ferric to ferrous salts. 

C. Ferric anhydride, Fe^‘Oa, or ferric acid, Fe^*02Ho2, containing hexad 
iron, has never been obtained in an uncombined state. The alkali salts only are 
known and are obtained, like the alkaline manganates, by fusing iron tilings with 
nitre. Ferrates are decomposed far more readily than manganates. 

QUESTIONS AND EXERCISES. 

1. Mention compounds illustrative of the dyad, tetrad, and hexad nature of 

iron. 

2. Enumerate some of the most important iron ores used for the extraction of 

iron in this country. G-ivc constitutional and graphic formulro. 

3. Which are the more important sulphides of iron ? Give constitutional and 

graphic formulas. 

4. Give the graphic formulae of chloropal, chrome iron ore^ green copperas, and 

vivianite. 

6. How is iron detected in the dry way ? 

6. What takes place when iron is dissolved in HCl, in SO2II02, or in dilute 

NO^Ho? 

7. Explain the change wliich takes place when FeCl2 is severally acted upon 

by atmospheric air, by chlorine, KO3CI and HCl, NO^Ho, HarClo, 
AuClg, and by lttn206Ko2 and HCl. Express the changes by equa- 
tions. u 

8. Give graphic formulae for ferric chloride, ferric hydrate, ferrous sulphide, 

dipotassic ferrate. 

9. Explain the action of SH2 and S Ara2 upon ferric salts, Ist, in acid solutions ; 

2nd, in neutral or alkaline solutions. 

10. How does K4FeCy6 and K6Fe2Cyi2 enable us to distinguish between ferrous 

and ferric salts ? 

11. State why K6Fe2Cyi2, in the presence of SnCl2, produces a blue precipitate 

with ferric salts. 

12. Explain the action of CyKs upon ferrous and ferric salts. 

13. Explain the action, { COHo’ KHo, 3rd, of Z4FeCy8 upon 

Prussian blue. 

14. What change is produced when Fe2Cl6 is brought together, 1st, with SO2, 

2nd, with SnCl2 ? 

15. Explain the action of metallic iron or metallic zinc upon S306Fe20'^b 

16. How would you prepare dipotassic ferrate? Explain the action, 1st, of 

water ; 2nd, of HCl upon it. 

17. How much hydrogen gas by weight and volume (at 0° C. and 760 mm.) is 

obtained when 10 grms. of metallic iron are dissolved in dilute hydro- 
chloric acid ? 
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18. How much sulphurous anhydride gas by weight and by volume is required 

to reduce 1*324 grm. of ferric smphate to ferrous sulphate ? 

19. Describe the properties of ferric phosphate. State why an alkaline acetate 

has to be added, previous to precipitation with hydric disodic phosphate, 
and explain the decomposition of the phosphates of the alkaline earths by 
means of ferric chloride in an acetic solution. 

20. The value of a ton of Sicilian sulphur (containing 94 per cent, of S) is £5, 

that of a ton of iron 'pyrites^ PeSa, containing 46*5 per cent, of sulphur, 
£1 10#. 6c?. Ascertain which can be more profitably worked in the manu- 
facture of sulphuric acid, having regard merely to the respective sources of 
sulphur. 

21. How much metallic iron is required to manufacture one ton of crystallised 

green vitriol ? 

22. *432 grm. of brown hcematite ore gave *350 grm. of What is the 

percentage of meln-llic iron in the ore, and what the percentage of brown 
hcematite present ? 

23. How is FeaOa separated from PeO ? Describe two methods. 

24. How would you separate Pe^Og from Zn", Mn", Ni", and Co" ? 

25. Why is it preferred to precipitate PeaCls by means of AmHo, instead of 

KHo? 


CHROMIUM^ Cr", and Atomic weight, S 2 * 5 . — This 
element is comparatively rare. It occurs in nature chiefly as 

chrome iron ore, Cr203,Pe0 = | crocoisite, Cr02Pbo''. 

Chromic oxide constitutes the colouring matter in ruby, green ser- 
pentine, etc. 

REACTIONS IN THE DRY WAY. 

Chromium compounds are readily recognized by the very charac- 
teristic grreen colour which the oxide imparts to borax and micro- 
cosmic salt, especially in the reducing flame. Finely powdered 
chrome ii’on ore, when fused in a platinum spoon or crucible with 
four times its weight of hydric potassic sulphate, and then with the 
addition of an equal bulk of nitre and COK02 (equally mixed), yields 
a yellow mass of potassic ebromate, Cr02Ko2, which is soluble in 
water, to a yellow solution. If manganese were present the solution 
would be green^ owing to the formation of potassic manganate. 
This latter can be readily removed by adding a few drops of alcohol 
to the solution, heating, and filtering off the manganic hydrate. 
The chromate remains unchanged. 


REACTIONS IN THE WET WAY. 


Chromic salts can be prepared from the yellow Cr 02 Ko 2 , or the 
red dipotassic dichromate, Cr206Ko2, by heating with dilute hydro- 
chloric acid and adding alcohol, drop by drop, when the yellow 

solution changes to a deep green solution of CrjCh = < 

in which the Cr exists as a tetrad or pseudotriad element. 


A lower chloride, OrCh, has been prepared in which Cr acts as a dyad element ; 
but as it has to be carefully kept from the air to prevent its becoming rapidly 
oxidised, and as it is of no real practical use, a passing notice of it will suffice. 
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OXIDIZING ACTION OF OHROMIO ANHYDRIDE. 


On boiling, tbe whole of the chromium separates as green chromic 
hydrate, thus: — 

OT2O5ISI02 "1“ 3SA.m2 “4" !rOB[2 Cr2B[o5 ”|“ S3 “|“ SEIlSo ■4" 6A.mIfo. 

In the one case the H2 of the SH2 acted as the reducing '"agent ; 
in the other the (NH4)2 of the SAm2. 

SOH02, in the presence of a little free SO2H02, reduces potassic 
dichromate to chromic sulphate, thus : — 

Cr205Ko2 "h 3 SOII 02 “h SO 2 H 02 ~ S306Cr20^ “h SO 2 K 02 40H2* 


Chromic sulphate and potassic sulphate constitute potassium 


chrome alum, or (dipotassic chromic tetrasulphate) 


SO2K0 

S 02 = 
SOo= 
SO2K0 


1 

Crjo^. 

J 


fCOHo 

ICOHo 


(oxalic acid), in the presence of free acid (dilate 


sulphuric acid), produces the same reaction, carbonic anhydride 
being evolved. Six molecules of CO2 become the measure for one 
molecule of dipotassic dichromate. Tartaric and citric acid act in 
like manner. 


SOjKo.! 

CrjOsKoj + 3 ( S 2 S + 4SO2H02 = |o!Ci’ 2 o'^ + 600 * + 70 TI,. 

SO2K0-I 


SO2H02 (concentrated) reduces the dichromate, on the applica- 
tion of heat, with evolution of oxygen and formation of potassium 
chrome alum, thus : — 

fCrO^Ko 

<0 + 4SO2H02 = Sn'Cr^o’^ + 4OH2 + O3. 

iCrOjKo . g, 


HCl (concentrated) evolves chlorine, and the hydrogen combines 
with the three available atoms of oxygen in the dichromate, thus: — 

f CrOjKo 

<^0 + 14 HCi = OrjOl, + 2 KC 1 + + SCI*. 

L CrOjKo 

AS2O3 (in a hydrochloric acid solution) is converted into 
AsOHos, thus 

f CrOjKo 

^0 + SAsHo, + 8HC1 = Cr^Cl, + 2KC1 + SAsOHos 

LCrOjKo + 40H2. 

SnCU, SbCls, PeCU, Zn (Fe, Sn, etc.) in the presence of dilate HCl, 
reduce likewise chromates or dichromates. The reduction is 
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effected also most readily by numerous organic bodies, — frequently 
with explosive violence — such as alcohol and HCl, in which case 
the alcohol is oxidised to aldehyde, ethylic chloride, and other 
volatile products. 


Reactions for CrOg produced by Double Decomposition. 


Chromates of the alkalies and alkaline earthy bases (with the 
exception of baric chromate), also of iron (Fe*^), zinc, manganese, 
and copper, are soluble in water ; all other chromates are insoluble, 
but dissolve readily in dilute nitric acid. 

BaClo, added to a solution of a normal chromate (or di chromate), 
gives a light lemon^yellow precipitate of baric chromate, Cr02Bao", 
even in very dilute solutions ; insoluble in acetic acid, difficultly 
soluble in dilute nitric or hydrochloric acid, and reprecipitated by 
AmHo. 
fCHa 
I CO / 

( ^ (piM««fci^» acetate) gives a fine leinon-yellow precipi- 

1 CH3 

tate of plumbic chromate, Cr02pbo", soluble in KHo, sparingly 
soluble in dilute nitric, insoluble in acetic acid. The neutral salt is 
converted upon digestion with alkalies into a basic red chromate, 
CrO(Pb02)"Pbo". 

N02Ago (arsrentlc nitrate) gives a d^arh purple-red precipitate of 
argentic chromate, Cr02Ag02, soluble in nitric acid and ammonia. 

Prom weak acid solutions argentic dlchromate. 


'■{I 


Cr02Ago 


, IS pre- 


cipitated. 

NO 

jq-Q’*Hg2o'' (mercurous nitrate) gives 
precipitate of 0r0(Hg202)"Hg2o", which 

into oxygen, mercury vapour, and finely divided green CTjOa. 
(Method of separating Chromic Acid from Chromic Oxide.) 


a darh h rich-red basic 
on ignition is converted 


On bringing together a little chromic acid with hydric peroxide, O2H2, in an 
aqueous solution, a deep indigo-blue solution is produced, owing probably to the 
formation of peechromic acid, in which compound chromium plays the part of 
a pseudo-octad element, analogous to manganese in permanganic acid. 

A solution of perchromic acid decomposes, however, rapidly with evolution of 
oxygen, leaving CrOoHo2, and its constitution is yet doubtful. A solution in ether 
is far more stable than an aqueous solution. It is obtained by adding ether to a 
very dilute (acid) solution of OjHg, and then a drop of a dilute solution of a 
chromate. On shaking up gently the ether takes up the wLole of the perchromic 
acid, and acquires an intensely blue colour. Mere traces of CrOs can be dis- 
covered in this manner, or vice versd the smallest quantities of O2H2. 


QUESTIONS AND EXERCISES. 

1 . Which is the most important chromium ore ? Q-ive symbolic and grapldc 

formulee. 

2 . How is chromium detected in the dry way ? 

8 . What analogy exists there between chrome won ore and chromous dichroniic 
tetroxide ? 
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4. Describe bow chromic chloride or sulphate is obtained from an alkaline 
chromate. 

6. Gliye symbolic and graphic formulse for dipotassic chromate and dichromatc, 
and trace their analogy with the corresponding sulphates. 

6. Describe the reactions by double decomposition which you can produce with 

chromic compounds. Q-ive equations. 

7. How can chromic compounds be converted in the wet way into chromates ? 

Q-ive instances, and express the changes by equations. 

8. How is chromic anhydride prepared ? 

9. Qive instances of the oxidizing action of chromic acid. Express the changes 

by symbolic equations. 

10. What is the composition of potassium chrome alum ? State shortly by what 

processes it is prepared from chrome iron ore, 

11. You have given to you oxalic, hydrochloric, and concentrated sulphuric acids, 

dipotassic dichromate and water. State how you would prepare COo, O, or 
Cl gas from these materials, and express the changes by equations. 

12. What is the action of nascent hydrogen upon alkaline chromates. Q-ive several 

instances, and express the changes by equations. 

13. Describe some of the most characteristic reactions for chromic acid produced 

by double decomposition. Qive equations. 

14. How would you distinguish between chromic oxide and chromic acid occur- 

ring in one and the same solution ? 

15. Which chromates are soluble and which are insoluble in water ? 

16. What evidence is there for the existence of perchromic acid ? 

17. How can we test for mere traces of hydric peroxide ? 

18. Calculate the percentage composition of potassium chrome alum containing 

24 molecules of water of crystallisation. 

19. How can Or be separated from every other metal of Qroup III, except Mn ? 

20. How can CrjOa be separated from Fe", Zn", Mn", Ni", Co" salts ? 

21. 1*600 grm. of chrome iron ore yielded 2*95 grins, of Cr02Pbo". What ])er- 

centage of Cr does the ore contain, and how much dipotassic dichromato 
can be manufactured from one ton of the ore ? 

22. 1*2 erm. of a sample of sodic chromate yielded with oxalic acid *89 grm. 

or carbonic anhydride. What percentage of chromic anhydride did it 
contain? 


ALUMINIUM, Al" and Atomic Weight, 27*5.— One of 
the metallic elements which occurs most abundantly in nature, both 
in the form of the oxide, and, as an important constituent of many 
minerals, in combination with silica, with sulphuric, phosphoric, 
and other acids ; and in the form of fluoride in cryolite^ and the 
rare topaz. For a list of some of the more interesting aluminic 
compounds the student is referred to Frankland’s “ Lecture Notes,” 
vol. I, page 179. 


REACTIONS IN THE DRY WAY. 

Alumina, when heated on charcoal, is distinguished from other 
earths by its property of assuming a beautiful sky-rlue colour, 
after being moistened with a solution of cobaltous nitrate and ignited 
once more strongly, owing to its forming with the cobalt oxide a 
quasi-salt — cobaltous aluminate. This test is not always decisive, 
and becomes inapplicable when coloured oxides, such as FCjOs, 
MnO, &c., are present, in which case recourse must be had to the 
examination in the wet way, in order to discover AI 2 O 3 . 
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REACTIONS IN THE WET WAY. 

We employ a solution of ammonium alum, S408Amo2Al20’^ = 
S 408 ( 0 Am) 2 ( 06 Al 2 )'^, in which A 1 plays the part of a tetrad 

f 'AV"C1 

(pseudo-triad) element, or of aluminic chloride, < 

SAm2 gives a white gelatinous precipitate of aluminic bydrate, 
AI2H06, sulphuretted hydrogen being evolved, thus : — 

S408Amo2Al20^^ + 3 SAm 2 + 6OH2 = AI2H06 + 4 S 02 Amo 2 

+ 3SH2. 


KHo or NaHo* precipitates the hydrate, readily soluble in ex- 
cess, forming a quasi-saline compound, Sodic Alumlnate, AliNao^, 
which is reprecipitated by excess of AmCl, or by AmHo, after 
neutralisation of the alkali by hydrochloric acid. The alkaline 
solution is not precipitated by SAni2 (method of separation of Al 
from Fe*'"). 

AmHo precipitates the hydrate, somewhat soluble in excess, in- 
soluble in the presence of much ammonic chloride, and on boiling. 

CONaoa or COAmo2 precipitates basic carbonate of uncertain compo- 
sition. 

COBao" completely, but slowly, precipitates AI2H06, even in the 
cold, mixed with basic salt. Carbonic anhydride escapes. 

POHoNao2 gives a hiilhii white precipitsbte of aluminic phosphate, 
P3O2AI2O'’*, insoluble in AmHo and AmCl; soluble in KHo or NaHo, 
like the hydrate (AmCl reprccipitates the phosphate from the soda 
solution), and in acids, but not in hot acetic acid (Distinction of 
AI2O3 FROM Aluminic Phosphate). Alkaline acetates precipitate 
P202Al20’^ from its solution in mineral acids. The pregpnce of 
citric acid, but not of tartaric acid or of sugar, prevents its precipi- 
tation. 

In order to decompose aluminic phosphate (e.g.y in the mineral wavellite, 
P4O(Al2O6)''^Al20^‘2l2OH2), it is best to fuse •the finely powdered mineral with 
It part of finely divided SiO^ and 6 parts of CONaoj, in a platinum crucible, for 
about half an hour. The mass is dip;eBted for some time with water, and 
COHoAmo added in excess ; it is then filtered and washed. The residue consists 
of aluminic and sodic silicate, the solution contains the sodic phosphate. 
Dissolve the residue in dilute hydrochloric acid, and evaporate to dryness to 
separate the silica, and filter. The filtrate may be tested for Al in the usual 
way. 

Alumina occurs mostly in minerals which are not soluble in 
acids. Boiling with concentrated sulphuric acid attacks many ; all 
are, however, decomposed by fusion with SO2H0K0, or with fusion 
mixture, and become readily soluble in water or in dilute hydro- 
chloric acid. 


* Potassic or sodic hydrate is mostly contaminated with alumina, derived 
during the manufacture from porcelain vessels, etc., and it is, therefore, absolutely 
necessary to employ pure NaHo (prepared from sodium) for the separation of 
Fe and Al. It must likewise be recollected that NaHo acts destructively upon 
porcelain and glass vessels ; the precipitate should, therefore, not be heated 
longer than is necessary for its complete precipitation. 


1 
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SEPARATION OF THE METALS OF GROUP HI. 


Powder up some porcelain very finely, and fuse for half an hour in a platinum 
crucible, with four times it weight of fusion mixture. Extract with water. 
Transfer both the soluble and insoluble portion — consisting of alkaline aluminate 
— to a porcelain dish, acidulate with hydrochloric acid, and evaporate to dryness. 
Take up with a few drops of concentrated hydrochloric acid and hot water, and 
filter ; wash the insoluble Si02 well with hot water. The filtrate contains the 
aluminium as Al^Cls, from which it can be precipitated as usual. 

Aluminic silicate is often found in nature associated witb. potas- 
sic or sodic silicate, as \n feUpar (dipotassic aluminic hexasilicate), 
SifiOsKogAlaO^’, and alMte, SieOBN^aoaAbo^. In order to test for 
potassium and sodium, alkali salts must, of course, be carefully 
avoided. This can be done by making use of hydrofluoric acid. 

Introduce a small quantity of finely powdered into a platinum crucible 
or dish ; treat with liquid hydrofluoric acid, and evaporate at a gentle heat in a 
closet which is connected with the cliimney. IIF attacks the SiO^, forming 
silicic fluoride, SiF4 — a volatile compound — and leaves the aluminium and 
potassium behind as fluorides readily soluble in dilute hydrochloric acid : — 

SifiOgKoaAlaO''* + 32HF = 6SiP4 + 2KF + Al^F^ + I6OH9. 

The decomposition is generally only completed after two or three evaporations 
with HF. 


QUESTIONS AND EXERCISES. 

1. Enumerate some of the more important aluminium minerals ; give constitu- 

tional and graphic formulsc. 

2. How is AI2O3 detected in the dry way ? 

3. Give equations for the reactions of aluminium in the wet way. 

4. How is wavellite examined for alumina ? 

5. How can insoluble aluminium minerals be rendered soluble in water or 

acids ? 

6. Explain the action of HF upon felspar and alhite. 

7. How can AlaOa be separated from ^6203 ? 

8. How is AI2O3 separated from Fe", Zn", Mn", Ni", Co" compounds ? 

9. Calculate the percentage composition of felspar. 

10. How can AI2O3 be distinguished from p202Al2O^* ? 


The separation of the metals of Group III is smTOunded by some 
difficulties, on account of the unavoidable complication which arises 
from the possibly simultaneous precipitation of — 

1st. Sulphides, viz., NiS, CoS, MnS, ZnS, PeS.. 

2nd. Hydrates, viz., Cr^Hoe, AI 2 H 06 , and 

3rd. Phosphates of Cr, Al, Ba, Sr, Ca, Mg, 

and it is therefore well always to ascertain, by a special experiment, 
whether phosphoric acid, in combination with the above metals, is 
present or not in the solution under examination. 

This can readily be done by adding AmCl, AmHo, and SAm 2 
to a small portion of a solution of metals of this group (or to the 
filtrate from Group II). On dissolving the precipitate which these 
reagents produce in a little concentrated nitric acid, and adding a 
solution of ammonic molybdate,* a yellow precipitate is obtained 

* For the preparation of this reagent see Appendix. 
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(especially on digesting for some time at a gentle heat), showing 
the presence of phosphoric acid. If no precipitate is obtained, the 
solution need only be examined for Ni, Co, Mn, Zn, Fe, Al, and Cr. 

I. Phosphoric acid Is absent. — This is sufficiently indicated if 
the original substance dissolved readily in water. If insoluble in 
water, but soluble in dilute acids, phosphoric acid may likewise be 
absent from the substance, but not necessarily so. 

It would appear at first sight that the deportment of the five sulphides and 
two hydrates with ammonic chloride and amnionic hydrate, sodic or potassic 
hydrate, or dilute acids HCl), would enable us to separate the members 

of this group, or several of them, from each other. We have seen, for example, 
that — 

1st. Ni^ Uo, Zn are not precipitated hy AmHo from a hot solution con- 
taining large excess of AmCl; whilst Fe^Hoe.Cr^Hog, and- AI2H06 are precipi- 
tated. It has, however, been found that the mode of separation based upon this 
solvent property of ammonic chloride, gives but imperfect results, since the 
Pe.2Ho(} carries down varying quantities of other oxides, esj^ecially on exposure of 
the solution to the air, when higher oxides of manganese and cobalt are formed, 
which are not soluble in ammonic chloride. Small quantities of Ni, Co, Mn, and 
Zn are thus frequently overloi ked altogether. It is only by redissolving the 
precipitate and reprecipitating several times over with AmCl and AmHo, as long 
as the ammoniacal filtrate gives a precipitate with sulphuretted hydrogen, that 
iron can be separated from manganese, etc., in this maimer. 

With these precautions, however, it is mostly possible to separate the metals 
of this group from each other by first precipitating ferric, chromic, and aluminic 
hydrates by means of AmCl and AmHo, and then, fron^ the filtrate, the sulphides 
of Ni, Co, Mn, and Zn by means of SH2 or SAm2 ; and the following method 
of sejiaration may be consult-ed with advantage by beginners, as well as the more 
accurate, but more tedious one, of separation by COBao'^ (see Table, p. 50). 

2nd. That Zn., Al., and Cr are precipitated hy Kilo or NaHo^ but are soluble 
in excessy whilst the other metallic hydrates are insoluble. From this it would 
appear that these three metals can be separated by means of the fixed alkaline 
hydrates. But it has been found that Fe^IIog, NiIlo2, C0H02, 3M[ii^02 carry 
down appreciable quantities of ZX1H02 ^^*^1 — n^orc especially the Fe2ll0fl precipi- 
tate— of CroHoe, and that a complete separation cannot be effected by precipitation 
with KHo or Nallo. 

3rd. Cold dilute hydrochloric acid does not dissolve CoS or NiS to any great 
extent y hut dis.wlves the other sulphides and hydrates. This method, if practised 
with care, gives good results, small traces only of CoS and NiS being generally 
dissolved out. But as it leaves the iron, aluminium, and chromium still to be 
separated from manganese and zinc, no saving of labour is effected thereby in the 
separation of those seven metals. 

In finely divided freshly precipitated baric carbonate, COBao", 
we possess a reagent which separates the lower oxides viz. ZnO, MnO, 
NiO, OoO (this latter not quite so perfectly, except in the presence 
of much ammonic chloride), from the higher oxides., viz., Pe203, 
AI2O3, and OrjOa. The metals should be first obtained as chlo- 
rides. 

The examination of ihe precipitate produced by OOBao" is based 
upon — 

1 st. The soluhility of Al2Ho6 in NaHo. 

2 nd. The conversion of Cr203 into CrOs hy fusion with sodic ca/r- 
bonale and nitre., or hy hailing with GlNao^ or with Pb 02 in an 
alkaline solution. 

E 2 
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EXERCISES ON GROUP III a. 


The examination of the filtrate is based upon — 

1st, The solubility of ZnHoj in sodic hydrate, 

2nd. „ MnS in acetic acid. 

3rd. The formation of soluble K 6 Co 2 Cyi 2 and the precipitation of 
Ni as black Ni^Hoe by ClNao, or chlorine. 

Directions for the separation of these seven metals will be found 
in the analytical tables under Group IIIa. 

PRACTICAL EXERCISES^ ON GROUPS IIIa, IY and Y. 

1. A solution of ferric chloride, ammonium alum and manganous chloride, con- 

taining “500 grm. of Fe, *050 grm. of Mn, and *050 grm. of Al. 

2. A solution of S02Nio'' and N2O4C00'', containing *050 grm. of Ni and *010 

grm. of Co. 

3. A mixture of the solid salts : zinc white, green vitriol and potassium alum ; 

both in the dry and in the wot way. 

4. A solution of SOoZiio^' and potassium chrome alum, containing *500 grm. of 

Cr and *050 of Zn. 

6. A mixture of potassium chrome alum and green vitriol (about *050 grm.) , in 
the dry way only. 

6. A mixture consisting of ferric oxide, manganic oxide and zincic oxide, con- 

taining *050 grm. of re;^Oa *010 grm. of Mn02 and *100 grm. of ZnO; to 
be examined in the dry way only. 

7. A sample of dolomile^ for Fe" (Mn) Ca and Mg. 

8. A sample of calc spar, for Fe" and Mg. 

9. Samples of iron ores, e.g., red hmmatite, brown hcBmatUe, magnetic iron ore, 

martial pyrites, to be examined for water and sulphur only. 

10. A sample of calamine, in the dry way only. 

11. A sample of chrome iron ore for chromium in the dry w^ay only. 

12. A sample of magnetic iron ore for Fe", in the wet way. 

Tabulate the reactions produced by AmCl and Amllo, NaHo or SAm2 with 
the members ol‘ Group 111a, according to the following scheme : — 


Reagent. 

AI2O3. 

Cr^Oa. 


ZnO. 

MnO. 

NiO. 

Am Cl, 
and 

AmHo. 

A white gelatin- 
ous precipitate 
of AI2H06, 

slightly soluble 
in excess, re- 
precipitated on 
boiling. 






NaHo. 

Ditto, soluble 

1 : 




in excess. 





SAm2> 

A white gelatin- 
ous precipitate 
of AI2H06, in- 
soluble in ex- 







cess. 







• These exercises may of course be varied, and should be looked upon merely 
|M indicative of the course to be pursued. 
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with the main view of fixing upon the memory the solubility or insolubility of 
the precipitates in excess of the reagents. 

II. Phosphoric Acid Is present. — The original substance was 
either insoluble or only partially soluble in water, but soluble in 
hydrochloric acid. In this case AmCl and AmHo* produce a pre- 
cipitate, before SAm2 is added; the precipitate may possibly consist 
of NiS, CoS, MnS, ZnS, FeS, Al2Ho6, CrjHoe, as well as the 
phosphates of (Cr), Al, Mg, Ca, Sr, Ba. 

It is obvious that ammonic phosphate is formed by the decom- 
position of the phosphates of the metals Ni, Co, Mn, Zn, Fe (if pre- 
sent) by SAm2 — AmCl and AmHo precipitate these phosphates 
without decomposition — which, in its turn, would act upon any 
soluble salts of Mg, Ba, Sr, Ca, and precipitate phosphates of these 
metals, although none may have been present originally in the 
saline mixture. An example will miake this c*lea»". Let us suppose 
that the substance under examination consists of COBao",P203Cao"3 
and P 202 Fe 2 O^*. On dissolving in hydrochloric acid, baric chloride 
is formed, and the calcic and ferric phosphates are dissolved without 
decomposition. On adding AmCl and AmHo, a yellowish- white 
precipitate of P202Fe2o''^ and P202Cao"3 is obtained, whilst BaCb is 
not precipitated. On adding, however, the AmCl and AmHo, as 
well as the SAnia, to the solution, P302Fe20^ is decomposed intoPeS 
and POAmoa, which latter, by acting upon the BaCb, would pre- 
cipitate baric phosphate. 

In order to avoid this, the precipitate produced in Group III by 
AmCl and AmHo, which contains for the most part the whole of 
the phosphates, is filtered ofi‘ and SAm2 added to the filtrate only. 
The two precipitates are washed separately, transferred to a porce- 
lain dish and boiled with a little SAm2, which decomposes the 
metallic phosphates (possibly also some Pe^Hoo), leaving tlfe phos- 
phates of the earths and alkaline earthy bases (if any) as well as 
the hydrates of Cr and Al, unchanged. The insoluble residue is 
filtered off and washed with hot water {to which a little SAm2 has 
been added to prevent the oxidation of PeS, etc.) ; the filtrate is 
tested for phosphoric acid by means of ArnCl, AmHo and SO^Mgo". 
A white crystalline precipitate shows that phosphoric acid was 
present, in comhination with the metals precipitable as sulphides. 

The residue is dissolved in very little hot hydrochloric acid, with 
the addition of a little concentrated nitric acid ; filtered, if necessary, 
from the sulphur which separates, and concentrated to a small bulk 
by evaporation. To a portion of the solution add a little more con- 
centrated nitric acid, and then some ammonic molybdate, and heat 
gently. In the absence of a yellow precipitate, no phosphates of 
(Cr), Al, Ba, Sr, Ca, Mg need be looked for, and the solution may 
be examined at once according to Table IIIa. A yellow precipitate 
indicates that phosphates of the earths or alkaline earthy bases ^ or of 
both, are present, in addition to the metallic phosphates already 
tested for. 

* If AmCl and AmHo should give no precipitate, it is ob^dous that no phos- 
phates and no Fe, Al and Cr need be looked for. 
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'Add Am Cl in considerable excess ; heat gently, and then add AmHo drop by 
the form of Fe’^.) Filter quickly, and wash with hot water. Eeserre the 
dilute HCl on the filter. Collect the acid solution in another beaker, and 
good SH2 water produces any precipitate in the filtrate. Mix now the 


Solution. — Pass a current of SHo through the solution, and filter off ZnS, 
MnS, NiS, CoS. Wash off the filter, and redissolye the precipitate in 

dilute HCl, with the addition of a few small crystals of-j^^^^ 

NaHo in excess, boil, and filter. 


The Solution may The Peecipitate may contain Mnlfo^, CoHoj, and 
contain Zn, as NiHo2. Wash, dissolve in a little dilute HCl ; nearly 


ZnNaOg. Add 
SH2. White 
precipitate of 

ZnS. 


{ CH* 

COAmo * 

a rapid current of SU2 for several minutes through the 
solution, and filter. 


Presence of Zn. 


The Solution 
contains the 
manganese as 
acetate. 

Add AmCljAmHo, 
and Sulphu- 
retted Hydrogen 
Water. 

Flesh - coloured 
precipitate of 
MnS. 

Presence of Uln. 


Eesidue. — Dissolve in HCl and 

{ OKo ’ nearly neutralize with 

CONao2; add a weak solution of 
KCy, so as just to redissolve the 
precipitate first produc^ed. Eoil 
briskly for some time, allow to cool 
(filter off any slight precipitate), 
and add a strong solution of ClNao ; 
allow to stand for some time in a 
warm place, as long as a black pre- 
cipitate forms, and filter. 


Peecipitate con- 
sists of N'i2Hoe. 
Filter oil' and 
confirm by beat- 
ing a small por- 
tion of it on a 
borax - bead be- 
fore the blow- 
pipe flame. 

A yellowish to 
sherry -red bead. 

Presence of Ni. 


The Solution con- 
tains the cobalt 
as E6^02Cyi2. 
Evaporate to 
dryness, and test 
a little of the 
i residue before 
the blowpipe 
flame on a borax 
bead. 

A blue bead in 
both flames. 

Presence of Co. 
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MBAITS OP AmCl AND AmHo, AND BY MEANS OP SAm, 


drop as long as a precipitate comes down. (The iron must be present in* 
ammoniacal filtrate. Redissolvo the preeipitato by treating it with hot 
repeat in like manner the precipitation with AmCl and AmHo, as long as 
different ammoniacal filtrates with the main filtrate. 


The Precipitate consists of Fe-jEog, CrgHoe, and AI2II06. Dissolve in 
dilute HCl, add a solution of NaHo (free from alumina) in excess, and boil 
for some time. Filter off. 


PfiECiPiTATE. — Dry and fuse, with fusion mixture 
and NO2K0 on platinum foil. Dissolve in hot 
water, and filter. 


Residue. — Dissolve in di- Solution, yellow. Con- 
lute IICl, and add 
K4FeCy6. 

A precipitate of Prussian 


firm by adding 

^)2Pbo". 


Presence of Fe. 


CH3 
CO 

precipitate 
CrOaPbo". 


and^ -[ 
Yellow 


of 


Test the original HCl 
solution specially for 
Fc" and Fe^’^ by means 
of Mn206Ko2 in a 
highly dilute solution, 
as well as by means of 
K4FeCy6, 
or Cyiins. 


Presence of Cr. 

M?/e . — Traces of man- 
ganese — owing to imper- 
j’ect separation of Mn 
from Fe by precipitation 
with AmCl and Amllo — 
are indicated by the 
hluish-green col our of the 
fused mass arfeing from 
the formation of an alka- 
line inanganate, and after 
dissolving in water, by the 
purplish-red colourof the 
alkaline permanganate. 


Solution. — Acidulate 
with dilute HCl, and 
add AmHo in slight 
excess. 

White gelatinous pre- 
cipitate. 

Presence of Al. 

'Note . — If no sodic hy- 
drate free from alumina 
can be obtained, it is ne- 
cessary to test an equal 
bulk of the reagent by 
acidulating with HCl and 
adding a slight excess of 
AmHo, and then com- 
paring the AI2H0B thus 
precipitated Ovith the pre- 
cipitate obtained in testing 
the solution under ex- 
amination. 
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If so, add to the rest of the solution CONao2, till nearly neutral, 
then an excess of a solution* containing sodic acetate and strong 
acetic acid : P202Pe2o’^* (as well as P202Cr2o’^^ and P202Al2o’^^ if 
present), are precipitated. Any phospliates of the alkaline earths 
left undecomposed by the ferric chloride already present in the solu- 
tion, are held in solution by the acetic acid. To the filtrate add 
PejCle, drop by drop, as long as a precipitatef is obtained, and 
till the colour of the supernatant liquid becomes distinctly reddish. 
Digest at a gentle heat ; allow to subside and filter. In this manner 
the whole of the phosphates of the alkaline earthy bases are decom- 
posed, with formation of P202Pe2o'^, insoluble in acetic acid — (which 
precipitate may be neglected), and chlorides of Mg, Ba, Sr, Ca 
which remain in solution, together with the chlorides of Ni, Co, 
Mn, Zn (and the excess of PeaCls added). The whole of the phos- 
phoric acid having thus been removed, the precipitate produced by 
AmCl, AmHo and SAnia is examined according to Table IIIa. The 
alkaline earthy metals are separated according to Tables IV and V. 
It should be borne in mind that these metals can have been present 
in the original substance only as phosphates, and the filtrate which 
contains them should on no account be mixed up with the main 
filtrate from Group III, but should be examined separately. 

It may be of interest, occasionally, to ascertain, whether any oxalates of Ba, 
Sr and Ca (which are destroyed by evaporation with nitric acid and ignition, 
before proceeding to Group 111), were present in the original mixture, in which 
case the evaporation to dryness and ignition must be omitted. 

The precipitate produced in Group III by AniCl and AmHo alone contains 
the oxalates, as well as the phosphates of the alkaline earthy bases, and possibly 
also gelatinous silica. The oxalates are decomposed by gently igniting the preci- 
pitate, and are converted into carbonates. The ignited mass effervesces strongly 
on extracting with dilute hydrochloric acid. When the solution is evaporated to 
dryness again taken up with dilute HCl, the silica, if present, is rendered 
insoluble, and may be separated by filtration. 'Jo the acid solution, wliich may 
possibly contain phosphates of Mg, Ca, Sr and Ba, as well as chlorides of the 
bases, present before ignition as oxalates, add AraCl and AmHo and filter 
off. The filtrate contains the chlo^des of Ba, Sr and Ca and is tested separately 
according to Table IV. All bases so discovered must have been present 

ORIGUNALLY AS OXALATES. 

We may, theu, sum by stating that the separation of the 
METALS AND SALTS (PHOSPHATES) PRECIPITATED IN GrOUP IIIb is 
based upon : — 

1st. The insolubility of the phosphates of Fe, Al {and Cr^ in acetic 
acid, in the presence of an alkaline acetate. 

2 nd. The separation of the whole of the phosphoric add which is in 
combination until the alkaline earthy bases^ by means of Fe2Cl6, 
in an acetic solution. 

* For the preparation of this reagent see Appendix. 

t If any phosphates of the alkaline earthy bases be left, FeaCle should pro- 
duce a yellowish- white precipitate when added to a portion of the acetic acid 
solution^ if not, no ferric salt need be added to the main portion of the filtrate, 
(The presence of iron, other than phosphate, is generally indicated by the reddish 
or ferric acetate colour of the filtrate.) In this case Al and Cr, as well as the 
metals of the alkaline earths, will still have to be looked for in the filtrate. 
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All other operations are identical with those described in Tables 
IIIa, IV and V. 

A tabular scheme for their examination’* **' will be found in the 
analytical tables, under Group Ills. 

QUESTIONS AND PRACTICAL EXERCISES ON GROUP Ills. 

1. A hydrochloric acid solution, containing common sodic phosphate, ferric 

chloride, calcic and magncsic chlorides. 

2. A hydrochloric acid solution, containing common sodic phosphate, nickelous 

sulphate, cobaltous nitrate, zincic sulphate, and ferric chloride. 

3. A hydrochloric acid solution of calcic phosphate, chromic chloride, and 

aluminic phosphate. 

4. A mixture of bone-ash and much ferric oxide. 

5. A mixture containing little ferric oxide and much magnesite (or magnesia 

alba) and hone-ash. 

6. A hydrochloric acid solution of common alum and hydric disodic phosphate. 

7. How would you recognise alumina in the presence of aluminic phosphate ? 

8. Given a reddish-coloured solution (owdng to the presence of ferric salts) , 

which gives a copious precipitate on the addition of sodic acetate and 
acetic acid in the cold, leaving the solution still coloured. What inference 
is to be drawn from this observation? 

9. A solution contains chromic chloride, chromic phosphate, and dipotassic 

dichromate. State how you would distinguish these three chromium 
compounds from each other. 

10. An acid solution (HCl) of a mixture, consisting of ferric chloride, baric 

chloride, and common sodic phosphate, retains its reddish colour, after 
precipitation with sodic acetate and acetic acid. What inference must be 
drawn from this, and what would you infer if the filtrate were colourless, 
but gave no furtlier precipitate on the addition of Fe^Clg ? 

11. You have a solution given to you which gives a precipitate with AmCl and 

Amllo. What inference must you draw if the filtrate gives no further 
precipitate on the addition of SAm^ ? 

12. You have given to you a concentrated solution of ferric chloride. On adding 

a few drops of a solution of hydric disodic phosphate, a yt^owish pre- 
cipitate appears. Explain what takes place, 1st. When a portion of the 
solution in which the precipitate is suspended is boiled. 2nd. When 
acetic acid is added, in the cold, to another portion. 3rd. When the pre- 
cipitate is filtered and treated with excess of the hydric disodic phosphate, 
in the presence of ammonia. 


Chapter V. 

REACTIONS OP THE METALS OP GROUP II. 

This group comprises the metals mercury, lead, bismuth, copper, 

CADMIUM, ARSENIC, ANTIMONY, TIN (GOLD and PLATINUM), which are 
precipitated from acid solutions (HCl) by means of sulphuretted 
hydrogen. 

Mix together solutions of NgOeBio'", HgrCLj, SO 2 CU 0 ", OdCh, 
(dissolved in HCl), N 204 Pbo", SbCls, SnCls, and SnCb, and pass a current of 


* The examination of Group IIIb, containing phosphates, may be deferred 

until the student has become acquainted with the reactions for acids. 
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SHj, without first filtering off the white precipitate which is produced. Filter ; 
pass the gas again through the clear filtrate, to make sure that the metals have 
been entirely precipitated. Wash the precipitate with hot water ; remove a por- 
tion from the filter ; boil with a little yellow ammonic sulphide, and filter off. A 
black residue is left, consisting of HgrS, PbS, BijSs, OuS, CdS. The solution 
contains AB2S8,Sb2S8,SnS and SnS2. This can be shown by acidulating with 
dilute hydrochloric acid, when a yellow precipitate comes down — because yellow 
ammonic sulpliide converts SnS into SnSg — consisting of the sulphides of As, 
Sb, Sn. 

This shows that we can divide Group II hy means of am^nonic 
sulphide^ into two portions. 

The name sulphide^ in its widest sense, is given to all compounds 
into which sulphur enters as the electronegative element. A re- 
markable analogy is observable between oxides and sulphides. 
There is a certain class of sulphides which resemble metallic oxides 
or bases ; another class which plays the part of oxy-acids. Sulphides 
are therefore divided into sulpho-bases and sulp)Uo~acids. To the 
latter belong the* sulphides of H, As, Sn, Sb (Pt, Au) ; to the 
former the sulphides of many metals, especially such of the metals 
as constitute powerful bases (K, Na, Am, Ba, Ca, etc.). An electro- 
positive element, which forms with oxygen an oxide, combines 
generally also with the same number of sulphur atoms, to form a 
corresponding sulpJdde, in which the sulphur is almost invariably 
a dyad. 

The resemblance in the constitution of these oxygen and sulphur 
compounds is further borne out by the analogy in their solubility 
and alkaline reaction. Thus we have — 


Oxydases. 

OK2 Potassa, alkaline and soluble. 


OAmn 

ONaj 

BaO 

OaO 

FeO 

ZnO 


Amlfconia „ „ 

Soda „ „ 

Baryta „ „ 

Lime „ „ 

Ferrous oxide, no reaction^ 
insoluble. 


Zincic 


Sulpho-hases. 

SK2 Potassic sulphide, alkaline and 


SAmg Ammonic 
SNa2 Sodic 
BaS Baric 
CaS Calcic 
FeS Ferrous 

ZnS Zincic 


soluble. 


no reaction, 
insoluble. ^ 


Oxy - anhydrides. Sulpho- anhydrides. 


AS208 

Arsenious anhydride. 

AB2S3 Arsenious sulphide, or sul- 
pliarsenious anhydride. 

AA205 

Arsenic ,, 

AB2S6 Arsenic sulphide, or sulphar- 
senic anhydride. 

SbaOg 

Antimonious „ 

SbjSs Antimonious sulphide, or sul- 
phantimonious anhydride. 

SbaOi 

Antimonic ,, 

Sb2S5 Antimonic sulphide, or sul- 
phantimonic anhydride. 

SnOs 

Stannic „ 

81182 Stannic sulphide, or sulpho- 
stannic anhydride. 


Oxy-acids. 

Sulpho -acids. 

AbHos 

Arsenious acid. 

A8H88 Sidpharsenious acid. 

A8OH08 Arsenic acid. 

A8SHs 8 Sulpharsenic acid. 

SbHo, 

Antimonious acid. 

SbHss Sulphantimonious acid. 



SULPHO-SALTS. 
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Oxy-acids, 

SbOHos Antimonic acid. 
Sb02Ho Metantimoiiic acid. 
SnHo4 Stannic acid. 


Sulpho-cmids, 

SbSHss Sulphantimonic acid. 
SbS2H8 Sulphometantimonic acid. 
SnnB4 SulphoBtannio acid. 


Sulpho-salts are obtained by the mutual action of a sulpho-acid 
and a sulpho-base upon each other. 

Sulphides soluble in water, comprising the sulphides of the 
alkalies and alkaline earthy metals, are divided into normal sulphides^ 
such as SK2, SAm2, SNa2, BaS ; into sulplihydrates (acid sul- 
phides), such as SKH, SAmH, BaHs^; and pohjsulpJiides^ such as 
S2H2, S6K2, SsAma. The aqueous solutions of the normal and acid 
sulphides are colourless, and give off SH2 when treated with dilute 
hydrochloric acid, without separation of sulphur. Solutions of the 
polysulphides are yellow, or yellowish-brown, and when treated 
with hydrochloric acid, give off sulphuretted hydrogen, with separa- 
tion of white (or precipitated) sulphur. The number of sulpho-salts 
is small compared with the salts of oxy-acids, and they are far less 
stable than ordinary oxy-salts. This arises from the fact that sul- 
phur is comparatively indifferent to chlorine, phosphorus, nitrogen, 
carbon, silicon — non-metallic elements, which are endowed with a 
powerful chemical affinity for oxygen, with which they form in the 
presence of water energetic oxy-acids — and that there are either 
no sulphides corresponding to the oxygen compounds of these 
elements, or sulphides of a very indifferent nature. The number of 
sulpho- acids is principally restricted to the acids enumerated above, 
and these again combine mostly only with the soluble sulphides 
possessed of an alkaline reaction; or, if combined with the sulphides 
of the heavy metals, as in certain minerals, they are readily decom- 
posed by chemical agencies. 

The following is a list of some of the more important s«lpho-salts 
compared with the corresponding oxy-salts : — 


Oxy-salts. 

SnNao2 Disodic stannite. 
SnONaoo Disodic stannate. 

AsKos Tripotassic arscnitc. 

AsONaOa Trisodic arsenate. 
SbOKo Potassic metantimonite. 

Sb02Xo Potassionnetantimonate. 


SulpJio-saUs. 

Sn^aB2 Disulpliosodic sulphostannite. 

SuSNas2 Disulphosodic sulpliostannate. 

AsKs 3 Trisulphopotassic sulpharse- 
nite. 

AsSNasa Trisulphosodic sulpharsenate. 

SbSKs Sulphopotassic metasulphanti- 
monite. 

SbS2X8 Sulphopotassic metasulphanti- 
monate. 


In these sulphur compounds the radical 5 fas, sodiumsulphyl, occu- 
pies the place of the compound radical Nao, sodoxyl. In like 
manner 

Ks Potassiumsulphyl occupies the place of Ko Potassoxyl. 

Ams Ammoniumsulphyl „ Amo Ammonoxyl. 

Bas" Bariumsulphyl „ Bao" Baroxyl. 

Cas" Calciumsulphyl „ Cao" Calciumoxyl, 

in the analogous sulpho-salts. 
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SUBDIVISION OF GROUP II. 


Instances of some interesting natural sulpho' salts, to be con- 
sidered more fully under silver and lead, are ; — 

AsAgsa trisulphargentic sulpharsenite {proustite), 

SbAgSs trisulphargentic orthosulphantimonite {pyrargyrite or dwrk red 
filver ore). 

Sb2S"(Cu2FeS'3)"2 sulphocuproso ferrous pyrosulphantimonite (fahl ore), 

Sb^Phs''^ trisulplioplunibic orthosulphantimonite {boulangerite) . 

Sb2Pb8"2(Cu2S 2)" disulphoplumbic sulphocuprous orthosulphantimonite 
(hournonite ) . 

Sb4S8Pbs"Pbs"2 trisulphoplumbic metasulphantimonite* {jamesonite ) . 

Treat another portion of the above SH2 precipitate with NaHo or KHo and 
filter ofP. A black residue is likewise left, and on adding dilute HCl to the 
filtrate, AsjSs, Sb2S3, SnS and 8x182 are reprecipitated. 


This shows that the hydrates of the alkali metals dissolve a por- 
tion of the sulphides precipitated hy S//2 in Group II. The following 
equations explain the action of the alkaline hydrates : — 


ShSz + 6KH0 = SbKsa + SbKo3 -f SOH^. 

Antimonious Trisulphopotassic Tripotassic 

sulphide. suliJhantinionite. antimonite. 

AS2S3 + 4KHo = AsHsKs2 + ASH0K02 + OH2. 

Arsenious Sulphhydric Hydric dipotassic 

sulphide. disulphopotassic arsenite. 

sulpharsenite. 

2SnS + 4KHo = SnKs, + SnKo* + 20Hj, 

Stannous Disulphopotassic Dipotassic 

sulphide. sulphostannite. stannite. 

281182 + 4NaHo = SnSNas2 + SnONao2 + OH3 + SH2. 

Stannic Disulphosodic Disodic 

sulphide. ^ sulphostannate stannate. 


Addition of hydrochloric acid reprecipitates the sulphides, thus : — 


SbKs3 + SbKoa + 6HG1 = Sb2S3 + 6KC1 + 3OH2. 


Hence the metals which are precipitated by SH2 in Group II 
can be subdivided by means of SAm2 or NaHo into — 

A. Metals whose sulphides act as sulptho-hases^ viz., the sulphides 
of Hg, Pb, Bi, Cu, and Cd. These are insoluble in ammonic 
sulphide (HgS dissolves to some extent in potassic or sodic 
sulphide ; CuS is somewhat soluble in ammonic sulphide). 

B. Metals whose sulphides act as sulpho-acids, viz., the sulphides 
of As, Sb, Sn (Au, Pt). 


Group II. Subdivision A. 

1. Mercury. Hg". Atomic weight, 200. — Occurs native, but 
is chiefly obtained from cinnabar or mercuric sulphide, HgS. 

* This compound may also be viewed as Sb2S2Pbs" (sulphoplumbic merasulph- 
antimonite) and Sb2SPbs"2 (sulphoplumbic pyrosulphantimonite). 
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EXAMINATION IN THE DRY WAY. 

Add a little finely-divided lead or zinc to a few globules of mercury on a 
watch-glass. The liquid metal mercury becomes thick and pasty by the com- 
bination with the solid metal lead or zinc. It enters into combination with 
the lead, in the cold, to form an amalgam. Other metals combine with mercury 
only when heated. 

The term amalgam is applied to the combi nations into which 
mercury enters with other metals. Combinations between metals, 
other than mercury, are called alloys. This property of mercury 
has received an important application in the extraction of gold 
and silver from poor ores by the so-called amalgamation process. 
Mercury can be separated again by distillation, gold and silver 
being left behind. 

The combination of the metal mercury with other metals is 
obviously due to its liquid condition at the ordinary temperature, 
which facilitates its being brought into intimate contact with other 
metals. This contact action is materially increased, if the solid 
metals are offered to the mercury in a finely- divided condition, or in 
the form of foil — an amalgam of 4 parts of tin and 1 part of mercury 
is employed for covering looking-glasses — and by rubbing the two 
metals together in a mortar. 

Heat some cinnabar in a small flask with narrow neck, loosely closed with a 
piece of charcoal. HgrS sublimes without undergoing any chemical change. 

Heat a little cinnabar in a piece of glass tube open at both ends, and allow a 
current of air to pass over it. Hg is seen to condense in the form of a metallic 
mirror towards the further end of the tube, and SO2 makes itself perceptible by 
its odour. 

Heat about two parts of yellow mercuric oxide and one part of mercuric sul- 
phide in a test-tube. Metallic mercury sublimes and sulphurous anhydride is 
given ofi*, according to the equation : — 

Hg-S -f 2HerO - Hg;, SOg. 

Introduce some cinnabar into a small tubulated retort connected with a two- 
necked receiver and gas delivery -tube, and pass through the tubulus of the retort 
a current of air or oxygen from a gas-holcibr, and heat gently. A blue flame 
playing over the HgrS indicates that combustion takes place. Mercury distils 
and condenses partly in the neck of the retort and partly in the receiver. Sul- 
phurous anliydride issues from the delivery-tube and is readily recognised by its 
pungent odour ; or it may be passed into water, and the solution tested with 
litmus-paper. 

This illustrates the mode of extraction of mercury from its 
principal ore. Cinnahar is roasted in a reverberatory furnace, and 
proper provision is made for the condensation of the vapour of 
mercury in chambers and flues. The sulphurous anhydride is 
allowed to escape. 

HgS (as well as SAg2, AU2S3, PtS2) parts with its sulphur 
when roasted in the air, and yields the metal: it is in fact reduced 
to the metallic state hy oxygen, owing to the weak affinity which exists 
between the metal mercury and the non-metal sulphur, and owing 
likewise to its weak affinity for oxygen, on account of which the 
HgO (and OAg2) first formed gives up its oxygen again to a fresh 
quantity of HgS (or SAgo). 
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Hydrogen and carbon, copper, tin, zinc, etc., reduce HgS at a 
high temperature, forming with the sulphur SH2, CS2 (carbon 
disulphide), OuS, etc. The native HgS is, however, best reduced 
by the action of strong bases, such as lime or soda. 

Mix a little cinnabar with dry OONao2, and heat in a little tube, sealed up 
at one end, or blown into a small bulb. Metallic mercury sublimes and forms a 
mirror in the cold part of the tube ; the sulphur is fixed by the alkali metal. 

Mercury salts, when heated by themselves, out of contact with 
the air, volatilise or sublime, either without decomposition, such 
as HgBrj, HgClj, Hg sClj (without undergoing previous fusion), 
HgI„HgS; or they are decomposed into oxide or metal. Salts of 
mercury with fixed acids (P2O5, CrOa, etc.), leave fixed residues of 
acid or oxide (Cr203). 


REACTIONS IN THE WET WAY. 

Mercury forms two series of salts : mercurous and mercuric salts. 
It dissolves readily in nitric acid, even in the cold, forming mer- 
curous nitrate, if the mercury be in excess, and mercuric nitrate, if 
the acid be in excess. These salts have the composition — 


J^Q^Hgao'' and 

Mercurous 

nitrate. 


NO^-rx H 

Mercuric 

nitrate. 


Mercurous salts contain Hg 20 mercuric salts, HgO. 

Mercurous oxide. Mercuric oxide. 


The oxygen atom being in the one case linked to two atoms of 
the dyad ^mercury, thus, | the mercury atoms being held 


together by one of their bonds, as well as by the bonds of the oxygen 
atom ; in the other to one atom, thus : — Hg= 0 . 

Mercurous oxide exhibits a tendency to combine with another 
atom of oxygen, or when exposed to heat, to part with one atom of 
mercury and to become converted into mercuric oxide. Hence wo 
possess in mercurous salts powerful reducing agents. 

On account of the insoluble chloride which 'Hg^' forms, we shall 
consider its reactions in connection with the reactions for silver and 
lead in Group I. 

In order to study the reactions of mercuric salts, we can either 


NO2 


employ A solution of mercuric nitrate, So!Hgo'', or MERCURIC 


CHLORIDE, HgCh {corrosive sublimate). 

SH2 (ffroup-reagrent) added to HgCh gives a black precipitate 
of mercuric sulphide, HgS. The precipitation is marked by charac- 
teristic changes of colour. Accordingly as sulphuretted hydrogen 
water is added in small quantities, or the gas passed slowly through 
the solution, it produces at first a perfectly white precipitate, and on 
the addition of more SHa, a yellow precipitate which passes through 
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dirty yellow to hrown, and becomes black only when excess of SH2 
has been added to the mercuric salt. The white, yellow, or brown 
precipitate consists of varying quantities of HgS and HgCh. 

THgOl 

It may be represented by the formula < S" (dlmercurlc sulptaodl- 

LHgCl 

cblorlde). HgS is insoluble in nitric or hydrochloric acid and in 
yellow ammonic sulphide, potassic hydrate, or potassic cyanide ; 
soluble, however, in aqua regia and in potassic or sodic sulphide in 
the presence of sodic hydrate, but insoluble in their sulphhydrates. 
Long digestion with concentrated nitric acid converts the black 
HgS into a white body consisting of 2 HgS + N204Hgo". 

SAm2 gives the same precipitate. 

NaHo or KHo added in excess produces a yellow precipitate of 
mercuric oxide, HgO, insoluble in excess. 

AmHo produces a white precipitate of mercuric salt and mercu- 
ramlde, known as “ the white precipitate.^' 

N'" 2 H 4 Hg" + HgCL = 2 (NH 2 Hg"Cl). 

Mercurammonic 

chloride. 

CONao2 or OOK02 gives a reddish-brown basic precipitate. 

KT gives a bright red precipitate of mercuric Iodide, Hgl2, 
soluble either in excess of potassic iodide or of the mercuric salt. 

KCy gives with mercuric nitrate (not the chloride) a white pre- 
cipitate of mercuric cyanide, Hg0y2, soluble in excess ; not decom- 
losed by boiling with alkalies or alkaline carbonates, but only by 

Mercuric salts are readily reduced to mercurous salts : — 

S11CI2 (stannous chloride) gives with mercuric salts a %)hite pre- 
cipitate of mercurous chloride, Hg2Cl2, which when boiled with 
excess of the reagent, is reduced to grey metallic mercury. On pour- 
ing off the solution and boiling the ^rey precipitate with HCl, the 
mercury is obtained in little globules. 

NO 

S02Feo" (ferrous sulphate) reduces j^Q^Hgo", but not HgCh, 
to the metallic state. 

Cu, Zn, Fe precipitate metallic mercury from mercuric solutions, 
provided they are not too acid. 

If a strip of bright metallic copper bo employed, a silvery-white deposit of 
metallic Hg is obtained, which, when gently rubbed, shows a bright metallic 
lustre, and gives, after drying and heating in a dry and narrow test-tube, a sub- 
limate of metallic mercury. 

Mercuric salts act the part of oxidizing agents ; they are first re- 
duced to mercurous salts, and finally to metallic mercury. 

QUESTIONS AND EXERCISES. 

1. What is understood by the terms sulpho-hasey sulpho-acid^ aulpho-salt ? 

2. Define normal sulphides, sulphhydrates, and polysulphides, and state how 

they can be distinguished by treatment witli HUl ? 
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3. Give instances of sulpho-salts together with the corresponding oxy-salts. 

4 . Write out the graphic formulae of a few sulpho-salts and of the mineral Is 

houlangerit€y jamesoniie^ fahl ore. 

5. Which metals form sulphides capable of acting as sulpho-acids, and which 

form sulphides capable of playing the part of bases ? 

6. Write out the formulae, both symbolic and graphic, for the persulphides of 

the metals K, Na, Ba, Ca, Fe. 

7. What changes take place when the sulphides of As, Sb, and Sn are boiled, 

Ist, with SAm. 2 , 2nd with NaHo ? Express the changes by equations. 

8. Give the graphic formulae of cinnabar, dimercuric sulpho-dichloride, of white 

precipitate and of mercuric nitrate. 

9. Write out the symbolic equations for the reactions which mercuric nitrate 

gives with the group and special reagents. 

10. Calculate the percentage composition of white precipitate. 

11. How much metallic copper will have to be dissolved, in order to precijiitate 

2 grms. of Hg from a solution of mercurie chloride ? 

12. Explain why the dyad condition appertains to one atom of mercury and to 

the double atom. Give proofs of the atomicity of mercury in mercurous 
and mercuric compounds. 

13. How is corrosive sublimate manufactured, and whence does it derive its 

name? 

14. 1*5 grm. of HfirCl 2 is precipitated as HgrS and collected on a weighed filter. 

How much by weight of HgrS should there be obtained ? 

16. Cinnabar is sometimes found adulterated with red-lead, red oxide of iron, 
brick-dust. State how you would discover the adulteration. (No sepa- 
ration of the impurities Irom each other is required.) 

16. What reaction takes place when mercury is acted upon by concentrated sul- 

phuric acid ? and by what consecutive stages is the product of this reaction 
converted into white precipitate 1 

17. How much metallic mercury will 100 lb. of cinnabar yield when distilled 

with lime ? 

18. What is the percentage composition of an amalgam containing Sn 4 Hg ? 


2 . LBAD^ Pb" and Atomic weight, 207 .-“On]y a slight pre- 
cipitate of PbS is for the most part obtained in Group II, since the 
greater part of the lead is removed in Group I as PbCl2. It happens 
frequently that this small quantity of lead is not precipitated by SH2, 
on account of the solution being too acid (HCl), or too concentrated, 
in which case a little lead is found in Group III, and is often mistaken 
for some other metal. It is necessary, therefore, to dilute a portion 
of the filtrate from Group II considerably and to pass a current of 
SH2 through, in order to make sure of the presence of lead, espe- 
cially so, when lead has been discovered in Group I ; and, if a pi'e- 
cipitate be obtained, to pass the gas once more through the whole 
of the filtrate, after having diluted it considerably with distilled 
water. 


3 . BISMUTH; Bi'" and Atomic weight, 208 . — This metal 
ip principally found native ; also in combination with oxygen and 
sulphur, as bismuth ochre, Bi203, from the decomposition of bismuth 
glance, Bi2S3, and in the form of sulpho-salts, as hobellite, Bi2Pbs"3 
(trisulphoplumbic orthosulpho-bismuthite), and as needle ore, 
Bi2Pb8"2('Cu'2S2)'', disulphoplumbo-cuprous orthosulpho-bismuthite. 
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EXAMINATION IN THE DRY WAT. 

The metal bismuth fuses with ease, both in the reducing and 
oxidizing flame of the blowpipe, covering the charcoal with an 
incrustation of oxide, oraii§fe- yellow, while hot, lemon-yellow, when 
cold, passing at the edges into a bluish- white. The incrustation can 
be driven from place to place by either flame, without colouring the 
outer flame. (Distinction from Lead.) Heated with borax or 
microcosmic salt, Bi203 gives beads which are yellowish, when hot, 
and colourless, when cold. All bismuth compounds can be reduced 
to the metallic state by heating on charcoal with CONao2, in the 
inner or reducing flame. The metallic bead is brittle. (Distinction 
FROM Lead and Silver Beads.) The incrustation is yellow, 

examination in the wet way. 

Bismuth dissolves readily in nitric acid, forming NyOoBio'". A 
SOLUTION OF this SALT IS CONVENIENTLY EMPLOYED. 

SH2 (group-pcagcnt) gives a hrownisliMarlc precipitate of 
hlsmuthous sulphide, BLSs, insoluble in dilute acids, in alkalies and 
in alkaline sulphides ; soluble in concentrated nitric acid. 

Alkaline sulphides give the same precipitate. 

KHo, NaHo and AmHo produce white precipitate of blsmuthous 
hydrate^ BiHoa, insoluble in excess ; on boiling it turns yellow, i.e , 
it becomes anhydrous (BLOa). 

COAmo2 or CONao2 throws down a white hullcy precipitate of 
basic carbonate (hmnuthylic carlxmate) (consisting of one mol. of 
carbonate and two of the oxide, C303Bio'"2, 2Bi203) = C0(Bi02)'2, 
graphic formula : — 

0 =Bi— 0 — C— 0 — Bi =0 • 


in which the compound radical blsmui?hyl, BiO, acts the part of H 
in Ho. The precipitate is insoluble in excess. 

Cr.^OsKog gives a yellow precipitate of basic chromate (consisting 
of one mol. of bismuthous hexachromate, CreOisBio'"?., and two mol. 

rCr02(Bi02)' 

of bismuthous oxide, 2Bi203) = < O readily soluble in 

LCr02(Bi02)' 

dilute nitric acid, insoluble in potassic hydrate. (Distinction from 
Plumbic Chromate.) 

SO2H02 gives no precipitate. (Distinction from Lead.) 

KI produces a hrown precipitate of bismuthous iodide, Bila, soluble in 
excess. 

KCy produces a white precipitate, insoluble in excess, soluble in acids. 

Bismuthous salts are partially decomposed by water, a basic salt 
being precipitated. The addition of an acid redissolves the preci- 
pitate. This constitutes the most characteristic reaction for bis- 
muthous salts. The salt most readily precipitated is the chloride 
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(BiCla). It can be prepared from the nitrate by precipitating the 
oxide first, and then filtering and dissolving the precipitate oflT the 
filter with dilute hydrochloric acid. Excess of. acid should be 
avoided. 

OH2 gives with BiCls a white precipitate of bismuthous oxychlo- 
ride (consisting of one mol. of BigOs and one of Bids), BiOCl, 
which is almost absolutely insoluble in water, but soluble in hydro- 
chloric acid, from which it is reprecipitated on the addition of 
ammonic or sodic chloride. BiOCl is insoluble in tartaric acid. 
(Distinction from Antimony.) 

Metallic zinc precipitates bismuth from its salts. 

Bismuthous salts exhibit a tendency to form basic salts, showing 
that Bi203 is a very indifierent and weak base. 

There are several other oxides known, e.g.^ bismuthfc oxide or 
anhydride, BiaOg, which parts readily with two atoms of oxygen, 
when heated or acted upon by reducing agents. 

QUESTIONS AND EXERCISES. 

1. How can Bi be separated from Afr, Pb, or Hg ? 

2. Express in symbolic equations the reactions which a bismuthous salt gives 

with different reagents in the wet way. 

3. Give the graphic formulae for bismuthous nitrate, bismuthous oxide, bismuth 

glance^ bismuthous oxychloride. 

4. Calculate the percentage composition of an alloy of 1 atom of Pb, 1 atom 

of Sn, and 3 atoms of Bi. 

5. 1*245 grm. of BisOa are obtained from 10 c.c. of a solution of normal bis- 

muthous nitrate. How much metallic bismuth does a litre of the bismuth 
solution contain ? 

4 . dOPPER, Cu". Atomic weight, 63*5. — This metal is found 
native ; also in combination with oxygen and sulphur, as red copper 
ore or ruhy ore^ CU2O, as vitreous copper or copper glance^ CU2S, and 
indigo copper or hlue copper^ GuS ; more frequently as copper pyrites^ 

FeoS3,CU2S = < (CU2S2)", (diferric cuprous tetrasulphide), 

( Pg 

2inA variegated copper or horseflesh ore^Ye2^’i^'^CVL2^ ^ (Cu2S2)"3, 

(diferric tricuprous hexasulphide) ; also asfahl ore^ hournonite, etc. ; 
in combination with carbonic acid, as basic carbonate, malachite^ 
CO(OCuHo)' 2, and azurite^ mountain blue, or copper azure, 

SULPHURIC ACID, as blue vitriol, S 02 Cuo", 60 H 2 ; 

with PHOSPHORIC ACID, SiB phospliorocalcite, libethenite ; with ARSENIOUS 
ACID, as tennantite ; silicic acid, as dioptase, and others. 

EXAMINATION IN THE DRY WAY. 

Copper minerals form a very numerous class of ores ; and as 
many of them exhibit precisely similar blowpipe reactions, a know- 
ledge of their physical character is indispensable to enable the 
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student to distinguish readily between them. It is advisable to 
examine the doubtful ores in the wet way also. 

The most characteristic reaction in the dry way is that which 
copper compounds give, when heated in a bead of borax or micro- 
cosmic salt before the blowpipe flame. The bead is mreen whilst 
hot^ blue on cooling. Most copper compounds, when heated on 
platinum wire in the inner flame, impart an intense 9i*een colour to 
the outer flame. All copper compounds are reduced when heated 
in the inner flame on charcoal, together with CONao2 and KCy, 
yielding red metallic scales. Sulphides give off SO2, when roasted 
in an open tube, and leave CuO behind. Malachite or azurlte gives 
off* water and carbonic anhydride when gently heated in a tube. 
Blue vitriol loses water, sulphurous anhydride and oxygen, and 
leaves cupric oxide. Cupric phosphate, arsenate, and silicate fuse 
to coloured glasses. 

Metallic copper is not affected in diy air at the ordinary temperature, but 
is readily oxidized when heated in air or oxygen, and converted into black 
cupric oxide. Hydrochloric acid in the presence of air dissolves copper but 
slightly, forming Cu^Cla ; nitric acid is the most active solvent for copper (as it 
is for Ag, Hg, Pb and Bi), forming cupric nitrate. Sulphuric acid (concen- 
trated) dissolves copper, on heating, with evolution of SOo, and formation of 
SOgCuo". 

SO2H02 acts here the part of an oxidizing agent. This method of preparing 
sulphurous anhydride gas is frequently employed in the laboratory in preference 
to other methods. 


EXAMINATION IN THE WET WAY. 

A SOLUTION OF CUPRIC SULPHATE, SO2CU0", Or CUPRIC NITRATE, 

NO 

jq-Q^Cuo", may conveniently be employed. 

SH2 (sroup-reaipeiit) gives a hrownishMach- precipitate oS cupiic 
sulphide, OuS, insoluble in dilute acids ; slightly soluble in yellow 
ammonic sulphide ; soluble with decomposition in nitric acid ; com- 
pletely soluble in potassic cyanide ; insoluble in potassic and sodic 
sulphides, or caustic alkalies. CuS is rapidly oxidized to SO2CU0' 
by exposure to the air ; it is insoluble in hot dilute sulphuric acid. 

SAm2 produces the same precipitate, somewhat soluble in excess, 
especially in yellow ammonic sulphide (S5Am2). 

NaHo or KHo gives a UghUhlue precipitate of cupric hydrate, 
CuHo 2. The precipitate turns black on boiling and becomes denser. 
Three molecules of CUH02 lose two molecules of OH2 and leave 
3 CuO, OH2 (graphic formula H — O — Cu — O — Cu — 0 — Ou — 0 — H) . 
In the presence of many organic substances; such as grape sugar, 
etc., the precipitate dissolves to a deep blue solution, whence the 
whole of the copper is reprecipitated on boiling in the form of 
bright red cuprous oxide. CU2O. 

CONao2 produces a greenish-blue basic carbonate, of the com- 
position 00 (OCu"Ho)' 2 , graphic formula O = ^\ 0 — Cu— 0 — H* 

carbonic anhydride being evolved. This precipitate is converted on 
boiling into the black precipitate of 3 CuO,OH 2 . It is soluble in 

F 2 
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ammonic hydrate to an azare-blne and in potassic cyanide to a 
colourless fluid forming a soluble double cyanide. 

AmHo or COAmo2, when added in small quantities, produces a 
greenish’hlm precipitate of a basic salt, which dissolves readily in 
excess of the reagents, and forms a magnificent azure-blue liquid, — a 
blue which is perceptible, if a solution contains small traces of copper 
only. The blue solution contains a double compound of cuprammonlc 

hydrate, N'^2H6Cu"Ho2, and ammonic sulphate, or ammonio- cupric 

r XTU "1 

whence the 


sulphate, symbolic formula, SHo2Amo2 




// 


black cupric oxide separates on boiling with sodic hydrate. 

This tendency of ammonia to combine with cupric hydrate and 
to form cuprammonic hydrate induces metallic copper to combine 
with oxygen even at the ordinary temperature. 

KCy gives a y reenisli -yellow precipitate of cupric cyanide, OuCy2, 
soluble in excess. SH2 produces no precipitate from this solution. 

K4FeCy6 gives a reddish-hro^mi precipitate of cupric ferrocyanide, 
Cu2FeCy6, insoluble in dilute acids, decomposed by potassic or sodic 
hydrate, with separation of 8CuO,OH2. Even in very dilute solu- 
tions of copper salts a brownish colour is produced, — best seen when 
the reaction is performed on a watch glass, placed on a sheet of 
white paper or in a little porcelain dish. Hence K4FeCyG supplies 
one of the most delicate reactions for copper salts. 

Metallic zinc or iron precipitates metallic copper, especially in 
the presence of a little free hydrochloric acid. If a few drops of a 
slightly acidulated dilute copper solution are placed on platinum foil 
(the lid of a platinum crucible), together with a small piece of sheet 
zinc, the platinum becomes rapidly coated with a reddish film of 
metallic copper, visible even in the case of very dilute solutions, an 
equivafent quantity of the metal zinc being dissolved. 


This simple experiment requires some explanation. Bright copper is not 
attacked by dilute hydrochloric or sulphuric acid. Metals such as Pb, Hg, Ag, 
Au, Pt are also indilFerent to dilute hydrochloric or sulphuric acid, whilst zinc 
and iron are readily dissolved with evolution of hydrogen, the metals taking the 
place of the hydrogen in two molecules of hydrochloric acid. 

By the aid of voltaic electricity, however, we are enabled to dissolve metals 
in dilute hydrochloric or sulphuric acid, which are either not dissolved at all, 
such as copper, or dissolve only with difficulty, such as the metal tin. This is 
done by connecting the positive pole of a voltaic battery with a piece of the 
metal to be dissolved, and the negative pole with a platinum wire ending in a 
piece of platinum foil. Both electrodes dip into the dilute hydrochloric or 
sulphuric acid solutions. 

Connect the positive pole, a, with a piece of sheet copper or a coil of copper 
wire, placed in dilute sulphuric acid, contained in a glass basin, as seen in Fig. 7. 

The negative pole, i, consisting of a platinum 
wire fused to a strip of platinum foil, dii-s 
likewise into the dilute acid, without touching, 
however, the copper. The solution turns blue, 
owing to the formation of a blue cupric-salt, 
and the sheet of metallic copper or the copper 
wire dissolves after some time. Hydrogen is 
evolved at the negative pole. 

This shows that the action of dilute acids upon copper which is nil at the 
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ordinary temperature is very energetic when we call voltaic electricity to our 
aid. 

GChe reaction will be readily understood, if it be remembered what takes place 
when water is decomposed by voltaic electricity. Hydrogen is obtained at tbe 
negative and oxygen at the positive electrode, because the latter consists likewise 
of platinum, a metal which has no affinity for oxygen. Hence both constituents 
of water, hydrogen and oxygen, are evolved at the respective poles. Now/ if 
instead of water, hydrochloric acid be decomposed in like manner, chlorine is 
evolved at the positive electrode. If the positive electrode consists, however, of 
a metal, such as Zn, Cu, Fe, for which chlorine possesses a strong affinity, the 
latter combines witli these metals, the moment it is liberated on the positive 
electrode, or as it is termed in its nascent state {in statu nascendi)^ and hydrogen 
alone is evolved at the negative pole. 

If in the place of h^^^drochloric or sulphuric acid, we employ a dilute solution 
of a metallic chloride or sulphate, e.g., cupric sulphate, S 0 . 2 Cuo'^ and dip the 
two electrodes into it, we observe at the negative (platinum) electrode instantane- 
ously a red film or deposit of metallic copper, wliilst, at the positive electrode, 
consisting of metallic zinc, no evolution of gas is visible, since the zinc is acted 
upon by the acid liberated from the copper, and is converted thereby into 
SOoZno''. An equivalent quantity (65 parts by weight.) of zinc remains dis- 
solved in the acid for the €3*5 parts by w^cight of copper, precipitated on the 
platinum foil or crucible-lid. In this manner the amount of copper present in a 
solution may be determined quantitatively. Tlie undissolved zinc and zincic salt 
are removed and the platinum with its deposit of copper dried and weighed. The 
total weight, minus the previous weight of the platinuvn, gives the weight of the 
metallic copper. 

It will be readily perceived that this and other similar experi- 
ments furnish valuable illustrations of the theory of constant com- 
bining weights, and they acquire on this account additional interest. 

Great interest attaches, moreover, to these chemical changes, on 
account of the important practical application which they have 
found, of late, in covering metals — mostly the common metals — 
with a thin coating of noble metals (electroplating, silvering, 
platinizing), or in producing solid metallic deposits on properly 
prepared matrices, generally consisting of some plastic material, 
such as plaster of Paris, gutta-percha, &c. (^electrotype process'). 

Pass a voltaic current through a solution of cupric chloride, CUCI 2 , hy means 
of copper electrodes. No (dilorinc gas is evolved at the positive pole, for it is 
immediately again fixed by its dissolving an equivalent quantity of copper off the 
positive copper electrode. The movement of the molecules of chlorine and copper 
in the solution of cupric chloride cannot be perceived ; it is nevertheless proved by 
the decrease in weight of the positive copper electrode and the increase in weight 
of the negative copper electrode, and we infer from tliis that the copper is trans- 
ferred from the positive to the negative pole, although wc cannot see the change. 
The deposition of metallic copper continues as long as the positive electrode lasts, 
and the saline solution in the decomposing vessel retains its original strength thus 
far unaltered. 

If a properly prepared mould or matrix of some object be hung in the metallic 
solution and connected witli the negative pole of a voltaic battery, copper will be 
slowly but steadily deposited on the mould, as long as the positive pole is con- 
nected with a sheet of copper, acting as the positive electrode in the bath. The 
copper thus precipitated is immediately restored to the bath by the dissolution 
of a fresh quantity of copper. Tliis mode of depositing copper ou moulds or 
matrices by the aid of voltaic electricity is termed the electrotype process. 

Employ a solution of argentic nitrate instead of the solution of cupric chloride, 
and introduce the two copper electrodes into the bath. The negative electrode 
is sjieedily covered with silver, and an equivalent quantity of cop]ier, i.s., 63*5 
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parts by weight, is dissolved from the positive copper electrode, and 21 6 parts 
by weight of silver (2 x 108, silver being a monad element) are deposited on the 
negative copper electrode ; and it results from this, that in the place of the silver 
solution, there must ultimately be left a solution of cupric nitrate. This has 
found a practical application in the silvering (electro-plating) of artistic articles 
made of an inferior metal. 

Copper, like mercniy, forms a loiver or cuprom oxide, OU2O, in 
which two atoms of Cu are joined by one of their bonds, and are 
also linked to one atom of oi^gen ; it is analogous in constitution 
to the important copper ore, 61128, thus : — 



Mercurous oxide. CuproTis oxide Cuprous sulphide 

{red copper ore ) . {copper glcmce ) . 

Cuprous oxide is a feeble base; it forms with concentrated 
hydrochloric acid cuprous chloride, CU2CI2, which is colourless 
when pure. Other acids decompose it into metallic copper and 
cupric oxide, which latter remains dissolved in the acid as a cupric 
salt. Cuprous chloride attracts oxygen very rapidly, and is, there- 
fore, a powerful reducing agent. It is used for absorbing carbonic 
oxide. 

To A SOLUTION OF CUPROUS CHLORIDE, CU2CI2, in concentrated 
hydrochloric acid, add 

OH2, a white precipitate of OU2CI2 is produced. 

KHo gives a yelloiv precipitate of cuprous hydrate, CU2H02, in- 
soluble in excess ; it attracts oxygen very rapidly, being converted 
into cupric hydrate. 

KI, in the presence of SOH02, or SOgFeo", precipitates from 
cupric 'salts greenish’-white cuprous Iodide, OU2I2, soluble in excess. 
Both sulphurous acid and ferrous sulphate are reducing agents, 
which, by the absorption of oxygen from the cupric salt, are con- 
verted into SO2H02 and SsO^^FejO^, thus : — 

( 1 ) 2SO2CU0" + 2 S 02 Feo" = SO2CU20" + SgOeFesO^. 

Cupric Cuprous 

sulphate. sulphate. 

( 2 ) SO2CU20" + 2 KI = OU2I2 + SO2K02. 

Cuprous 

iodide. 

QUESTIONS AND EXERCISES, 

1. How does coppei occur in nature ? 

2. Express in symbolic equations the reactions of copper in the wet way. 

8. Write out the graphic formulae for malachite, copper glance, azurite, and hhie 
vitriol, ammonio-cupric sulphate, cuprous iodide. 

4. Explain what takes place — 

1st. When copper is treated with concentrated NO3H0. 

2nd. „ „ „ SO3H02. 

3rd. „ „ „ HCl. 

CKre equations. 
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6. Q^ive instances of the oxidizing action of cupric salts. 

6. What action takes place when the polished blade of a knife is plunged into a 

solution of a cupric salt ? 

7. How much metallic zinc is required to precipitate 1*5 grm. of copper f^om 

a cupric solution ? 

8. A sample of iron pyrites which has been used for manufacturing sulphuric 

acid is found on analysis to contain 4*56 per cent, of copper. How much 
metallic iron is required to precipitate the copper from a hydrochloric 
acid solution of a ton of the spent pyrites ? 

0, Explain the electrotype process. 

10. WTiat is understood by nascent hydrogen ? 

11. What is the percentage of the metallic copper in malachite t 

12. How is Cu separated from Ag and Pb ? 

13. How can copper in CuS be separated from bismuth in 31283 ? 

14. What change takes place when metallic copper is heated in air ? 

15. How much hydrogen gas (at 0” and 760 mm. pressure) is required to deprive 

10 grms. of ignited cupric oxide of its oxygen, and how much water will 
be obtained ? 


5. CADMIUM, Cd". Atomic weight, 112. — This metal is found 
in nature, associated with zinc, in certain zinc ores, e.^., zinc blende 
ZnS. It is of comparatively rare occurrence ; only one mineral of 
cadmium being known at present, viz., the extremely rare greenoclcUe, 
CdS. It can be distilled like mercury or zinc. Being more 
volatile than metallic zinc, its vapour distils over first, and burns 
with a brown flame {brown blaze) ^ i.e,^ it is converted into cadmic 
oxide. 

Cadmium dissolves readily in acids with evolution of hydrogen. 
It also resembles the metal zinc in being dissolved by boiling 
potassic hydrate, hydrogen being given ofi* — 

Cd + 2KHo = CdKo, + H*. 

EXAMINATION IN THE DRY WAY* 

Cadmium compounds, mixed with.sodic carbonate, when heated 
on charcoal in the inner flame, give a characteristic brown incrusta- 
tion, /.c., they are readily reduced to the metallic state ; the metal 
being highly volatile, is reoxidised on its passage through the outer 
flame. Cadmium is recognized with more difficulty when it is in 
combination with zinc, as for instance in cadmiferous blende. By 
heating, however, a mixture of blende and sodic carbonate and 
potassic cyanide for a few moments only, on charcoal, a slight 
brown incrustation is generally obtainable^^ before the zinc is vola-* 
tilized. Cadmic oxide turns the bead of borax or microcosmic salt 
yellowish^ whilst hot, colourless when cold. 

REACTIONS IN THE WET WAY. 

We employ A solution of cadmic chloride, CdCh, or sulphate, 
SOaCdo". 

SH2 (ffroup-reasent) gives from dilute solutions a fine yelli/w 
precipitate of cadmic sulphide, CdS, insoluble in alkaline sulphides, 
caustic alkalies, or potassic cyanide; insoluble in cold, but soluble 
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in hot dilute nitric and hydrochloric acids ; soluble also in dilute 
sulphuric acid. (Distinction from Copper.) 

Hence the separation of cudmium by means of SH2, especially from acid solu- 
tions, is frequently left either incomplete, or is not efiected at all, in Group II, 
unless the precaution be taken of nearly neutrahsing the free acid with ammonia, 
before passing SH2, as well as neutralizing the mineral acid as fast as it is libe- 
rated by the SH2. 

SAm2, same precipitate. 

KHo, a white precipitate of cadmlc hydrate, CdHo2, insoluble in 
excess. 

AmHo, same precipitate, soluble in excess. 

COAmo2 (free from AmHo) a white precipitate of cadmlc car- 
bonate, OOCdo", insoluble in excess. 

CONao2, same precipitate. 

KCy gives a white precipitate of cadmlc cyanide, CdCyi, soluble 
in excess. Sulphuretted hydrogen precipitates from this solution 
CdS. (Distinction from Copper.) 

Metallic zinc precipitates cadmium from its solutions. 

QUESTIONS AND EXERCISES. 

1. Describe three methods of separation of Cd from Cu. 

2. How is Cd separated from Zii ? 

3. How is Cd separated from Pb, Ag, and Bi? 

4. How much cadmic sulphide can be prepared from TO gnns. of crystallised 

C4idniic suli)hate, S02Cdo",40H2 H 

5. What takes place when greenockite is roasted in a glass tube open at both 

ends ? 

6. How is the metal cadmium converted Ist into oxide, 2nd into chloride, 3rd 

into sulphate ? 

7. How can we extract cadmium from its oxide or sulphide ? 

8. You ar^ requested to convert 10 gnns. of cadmic sulphate into cadmic bro- 

mide ; how would you proceed, and how much CdBr2 should there be 
obtained ? 


Separation of the metals* of Subdivision A, Group II,* viz., 

MERCURY, LEAD, BISMUTH, COPPER, CADMIUM, WHOSE SULPHIDES ARE 
insoluble in AMMONIC SULPHIDE OR SODIC HYDRATE. 

The precipitate produced by the group-reagent SH2, which is 
insoluble in ammonic sulphide or sodic hydrate, may consist of all 
the five sulphides, or only of one, two, etc. A precipitate of a bright 
yellow colour, e.^., would be indicative of cadmic sulphide only. If 
the precipitate be black, it is necessary to examine for all the five 
metals. 

We have already seen that the sulphides of the metals of this 
subdivision are — 

Ist. Insoluble in alkalies and alkaline sulphides, and 

2 nd. Insoluble in dilute acids, or nearly so ; but soluble in con- 
centrated acids. 

• The student may, with advantage, tabulate the reactions produced by the 
principal reagents employed in Group II, according to the scheme given on 
page 62. 



SEPARATION OP THE METALS OP GROUP lU. 


73 


Concentrated nitric acid (free from chlorine), diluted with its 
own bulk of water, dissolves four out of the five sulphides, viz., PbS, 
BijSa, CuS, and OdS, with separation of sulphur ; mercuric sulphide 
being soluble only in aqua regia. Hence by boiling with mode- 
rately concentrated nitric acid (in the absence of HCl), we can 
separate mercury from the other metals of snbdirison A. Concen- 
trated nitric acid converts PbS partially into S02Pbo", by the 
simultaneous ox'dation of the sulphur. We should, therefore, obtain 
in the residue HgS, as well as S 02 Pbo" and sulphur. But as the 
whole of the PbS can be converted into SO^Pbo" only by boiling 
with fuming nitric acid, and as SOaPbo" is slightly soluble in con- 
centrated nitric acid, we should not succeed in removing the lead 
entirely as sulphate. This difficulty is overcome by boiling the 
whole of the sulphides with moderately concentrated nitric acid, 
then diluting with water and adding dilute sulphuric acid (S02Pbo" 
being less soluble in dilute sulphuric acid than in water), and lastly, 
when cold, adding to the solution its own bulk of alcohol (methy- 
lated spirit). A residue is left which may be white, indicative of the 
presence of S 02 Pbo", or black, from the presence of HgS and sul- 
phur. The solution contains the metals Bi, Cu, Cd. 

Examination of the Residue.— SO^Pbo" dissolves readily in 
certain salts, such as ammonic acetate or tartrate. By treating 
the residue, therefore, with a concentrated solution of ammonic 
acetate, we are able to dissolve out the SOiPbo". The absence of 
mercury compounds may be inferred, if no black but only a yellow 
residue of sulphur, is left, and if no mercury has been indicated by 
the reactions in the dry way. The presence of both lead and 
mercury should, however, invariably be confirmed by special tests ; 
viz., the lead by means of CrOzKojv, and the mercury, by^heating 
the dry residue in a bulb tube with dry sodic carbonate. 

Examination of the Solution. — We have seen that AmHo 
precipitates BiHoa, which is insoluble in excess, whilst OUH02 and 
CdHo 2 are likewise precipitated, but are soluble in excess. If a 
white precipitate be obtained on adding AmHo, we infer that bis- 
muth is present. (Should the le^d not have been removed entirely, 
some PbHog would be likewise precipitated.) The precipitate is 
filtered off and well washed, then redissolved in a little hydrochloric 
acid, and precipitated by the addition of water. The ammoniacal 
filtrate is of a fine azure-blue colour, when copper — even in small 
quantities — is present. If colourless, and if, by the addition of SH* 
a fine yellow precipitate comes down, we ^nfer that no copper is 
present, but only cadmium. If a black precipitate comes down, on 
passing the gas through the slightly acidulated (HCl) s lution, we 
^nfer the presence of copper and possibly of cadmium. These two 
‘^can be separated either by means of KCy (CdS being inso- 
luble in potassic cyanide), or dilute sulphuric acid (CuS being inso- 
luble in W dilute sulphuric acid). Filter again; in the one case 
copper is left in solution, in the other cadmium. It is not difficult 
to identify these two metals by special tests. 
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The separation of the metals mercury, lead, bismuth, copper and 
cadmium, is therefore based upon : — 

1st. The insolubility of HgS in nitric acid, 

2nd. The formation of S02Pbo", and its solubility in ammonic 
acetate, 

3rd. The insolubility of BiHog in excess of ammonic hydrate, 

4th. The insolubility of CuS in dilute sulphuric acid^ or its solu- 
bility m potassic cyanide, 

A tabular scheme for their separation is given in the Analytical 
Tables, Table II. 

PEACTICAL EXEECISES AND QUESTIONS ON OEOUP II, SUB- 
DIVISION A, AND THE PEEVIOUS GEOUPS. 

1. A sample of galena^ 1,0 be analysed in the dry way only. 

2. A hydrochloric acid solution, containing much mercuric and little plumbic 

chloride. 

3. A mixture of the solid salts, blue vitriol, corrosive sublimate, and white 

vitriol, in the dry and wet way. 

4. A mixture of the solid salts, plumbic and bismuthous nitrate, in the dry and 

wet way. 

6. A solution containing much baric chloride and little plumbic cldoridc. 

6. A solution containing cupric, ferrous, and zincic sulphates. 

*7, A solution of cupric, cadmic, and zincic sulphates, containing *500 grm. of 
Cu, *020 grm. of Cd, and *500 grm. of Zn. 

8. An alloy of zinc and copper (brass) . 

9. A solution of mercuric, plumbic, and bismuthous nitrates, containing *050 

grm. of Hg, *500 grm. of Pb, and OOO grm. of Bi. 

10. A sample of copper glance^ in the dry way only. 

11. A sample of malachite^ in the dry way. 

12. A solution of plumbic and bismuthous nitrates (to be distinguished by means 

of Cr02Eo2 and NaHo). 

13. A soli^tion of plumbic and cupric nitrates. 

14. What takes place when an ore, containing PbS, CdS, and ZnS, is roasted in 

a current of air ? 

15. You have given to you a solution of cupric sulphate, dipotassic tartrate, sodic 

hydrate, and grape sugar ; ^what changes can you produce with these 
materials ? 


Group II. Subdivision B. 

I. TIN, Sn" and atomic weight, 118. — This metal is found 
in nature mainly in the form of tinstone or cassiterite, SnOz, some- 
times combined with sulphur, as tin py riles ^ SnS^ (bell-metal ore), 

EXAMINATION IN THE DRY WAY. 

When tin minerals are fused on charcoal, with CONa 02 and 
KCy, in a strongly reducing flame, they yield small globules of tin 
which are malleable, and the charcoal becomes covered with a white 
coating of Sn02. If this white incrustation be treated with a solu- 
tion of cobaltous nitrate, and strongly heated, it assumes a bluish- 
green colour, which is characteristic of tin. Insoluble stannic oxide, 
Sn02, or the native oxide, may also be fused with caustic potash in 
a silver crucible, and thus converted into potassic stannate, soluble in 
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water ; or it may be rendered soluble by fusion on charcoal with 
3 parts of CONao2 and 3 of sulphur, when sodic sulphostannafce is 
formed, which is soluble in water, but is decomposed and precipi- 
tated as SnS2 by means of hydrochloric acid. - 

By introducing into a borax bead — ^in which sufficient cupric oxide has been 
diffused to render the bead faintly blue — traces of a tin compound and heating 
in the reducing flame, the bead turns reddish-hrown or forms a ruhy-red glass. 

EXAMINATION IN THE WET WAY. 

Tinstone being insoluble in acids, must be fused with alkaline 
carbonates and a reducing agent, such as potassic cyanide, charcoal, 
or black flux (ignited Rochelle salt), when metallic tin is obtained. 
Tin dissolves slowly in hot hydrochloric acid with evolution of 
hydrogen and formation of SnCh, readily in aqua regia with for- 
mation of SnCh. Nitric acid converts tin into metastannic acid, 
SUfiOsHoio, which by evaporation and ignition is converted into 
S11O2. 100 parts by weight of metallic tin when thus oxidized, 

are found to increase to 127*6 by weight (atomic weight of Sn = 
118 ). 

Tin is capable of combining either with two, or four atoms of 
chlorine, etc. In stannous chloride, SnCh, the metal exists as a 
dyad, and in stannic chloride, S11CI4, as a tetrad element. It is 
capable of forming two series of salts, of oxides, sulj^hides, etc., viz. : — 


Stannous compounds. 


Sn^Clg 

Stannous chloride. 

Sn"0 

») 

oxide. 

SOgSno" 


sulphate. 


jj 

nitrate. 

Sn"S 

>> 

sulphide. 


Stannic compounds. 

Sn^^Cl4 Stannic chloride. 

„ oxide (anhydride). 
Sn*’^S2 ,, sulphide. 


Stannic acid, SnOHo2, combine^ not only with the strong alkali 
bases, OK2, ONa2, but even with stannous oxide, SnO, to form 
stannates, e.g., SnOKo2, dipotassic stannate, SnOSno", stannous 
stannate. Finely divided tin acts, therefore, like Zn and Cd, upon 
a strong boiling solution of caustic potash or soda, with evolution 
of hydrogen and formation of potassic or sodic stannate. 

A. Stannous compounds. — A solution OF STANNOUS CHLORIDE, 
SnCh, is employed. 

. SH2 (ffroup-reagrent) gives a daric hr own precipitate of stannoiio 
sulphide, SnS, insoluble in ammonia; nearly insoluble in normal 
ammonic sulphide, but readily dissolved in the presence of sulphur 
or by the yellow sulphide : from this latter solution it is reprecipi- 
tated as yellow stannic sulphide, 81182, on the addition of hydro- 
chloric acid ; it is also soluble in potassic or sodic hydrate, from 
which hydrochloric acid precipitates SnS unchanged. Soluble in 
boiling hydrochloric acid. 

SAmt gives the same precipitate. Soluble in excess. 

KHo or NaHo gives a white bulky precipitate of stmnnout 
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hydrate, 2SnO,OH2, or readily soluble in excess to S11K03 

(dipotassic stannite). 

Am Ho or COAmo2, same precipitate, insoluble in excess. 

By far tbe most interesting reactions are based, however, upon 
the tendency of stannous salts to become converted into stannic 
salts. S11CI2 combines with two more atoms of chlorine to become 
converted into SnCh, whereby the chemical affinities of tin for 
chlorine become satisfied ; and stannous compounds may be 
viewed as unfinished bodies, which can deprive certain other 
bodies of chlorine, oxygen, etc. Expressed graphically, dyad 
tin (or stannosumy as it is sometimes called) has two bonds 

I 

left unsatisfied or latent, thus : — Cl — Sn — Cl, whilst in tetrad 

I 

Cl 


tin (dannicum) all the bonds are satisfied, thus; — 


0=Sn=0. 


Cl— Sn— Cl, or 
Cl 


HffClj added to a solution of SnCh, produces first a white precipitate of 
mercurous chloride, HgrjCb, and when boiled with excess of SnCl2, yields a 
greyish powder of metallic mercury. 

N02Ago giyes with excess of SnCl2 a finely divided black precipitate of 

metallic silver— 

2SnCl2 + 2N02Ago = Ag2 + ^Q^Sno” + SnCl4. 

OUCI2 is reduced by SnCl2 to cuprous chloride, CU2CI2, with formation of 

SnCb. 

^©gCle yields two atoms of chlorine to SnCl2, forming SnCh, and leaving 
two molecules of FeCh- The yellowish solution turns green. 

AUCI3 gives with SnCl2 a purple precipitate {purple of cafislus)^ to which 
the formula SnOAu2o" + SnOSno" + 4 Aq (sometimes viewed also as Au2 -f 
8Sn02), has been assigned. The change may be expressed thus : — 

2AUCI3 + 3SnCl2 + 6OH2 = Au 2 + SSnOg + 12HC1. 


This is a most delicate reaction. 


B. Stannic compounds. — A SOLUTION OF stannic chloride, I 
is employed in studying the reactions of Sn*^ in the wet way. 

SH2 (sroup-rcagrent) gives a yellow precipitate of stannic sul- 
phide, SnS2, readily soluble in alkaline sulphides, potassic hydrate, 
boiling concentrated hydrochloric acid, and aqua regia; soluble, 
although somewhat difficultly, in ammonic hydrate (Distinction 
FROM SnS), and nearly insoluble in ammonic (sesqui-) carbonate. 

SAm2, same precipitate, soluble in excess. 

KHo or NaHo produces a white precipitate of stannic hydrate, 
SnOHp2, or stannic acid, which is completely soluble in excess, 
forming dipotassic or disodic stannate, soluble in hydrochloric acid. 

AmHo precipitates likewise the hydrate; excess redissolves it 
but slightly. Tartaric acid prevents the precipitation. 
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COAmo2 or CONao2 precipitates white stannic acid, S11OH02, 
soluble in caustic alkalies. 

Stannic chloride furnishes us, moreover, with an interesting pro- 
cess of precipitation, viz., bj means of neutral salts, such as sodic 
sulphate, ammoiiic nitrate (in fact, most neutral salts) . Metastannic 
acid (SnsOsHoio) is precipitated on heating, provided the solution 
of stannic chloride be not too acid, thus : — 

SSnCh + 20SO2Nao2 + I5OH2 = Sn^OsHoio -f 20 NaCl 
+ 20 SO 2 HoNao. 

SSnCb + 20NO2Amo + I5OH2 = Sn, 0 ,Jlo,o + 20 AmCl 
-|- 2ONO2H0. 

Metallic zinc precipitates from acid solutions of stannous or 
stannic chloride metallic tin in the form of grey laminte, or of a 
spongy mass which can be readily dissolved in hydrochloric acid, 
especially by the aid of a piece of platinum foil. Metallic iron pro- 
duces no precipitate. 

Metallic tin or copper reduces stannic to stannous chloride, 
thus : — 

SnCU + Sn = 2 SnCl 2 . 

A solution of stannous chloride (containing hydrochloric acid) 
cannot be kept, when exposed to air, without changing rapidly to 
stannic chloride, as well as insoluble stannous oxychloride, Sn20Cl2, 
on account of the great attraction which stannous salts possess for 
oxygen, thus : — 

(1) 2SnCl2 + 0 = Sn20Cl2 + CI 2 . 

( 2 ) SnOla + CI2 = SnC] 4 . 

Hence granulated metallic tin or pure tinfoil is usually put 
into stannous solutions in order to prevent the formation of a bulky 
white precipitate of stannous oxychWride. 

QUESTIONS AND EXERCISES. 

1. How do you detect a stannic salt in the presence of a stannous salt ? 

2. Q-iye the constitutional and graphic formula} for metastannic and stannic 

acids, stannous and stannic chlorides, and stannous oxychloride. 

3 How can the correctness of the atomic weight assigned to tin be shown 
experimentally ? 

4. Why does a chemical change take place when €lnCl 2 and H8’0l2 are heated 
together ? 

6. Explain the action of chlorine, nitric acid, and air upon stannous salts. 

6. How is Sn separated from Ag ? 

7 . How would you analyse an alloy consisting of Pb, Cu, Bi, Sn ? 

8. A tinstone yielded on analysis 77‘5 per cent, of metallic tin ; how much Sn02 

did it contain ? 

9. How much chlorine gas by weight and by volume (at 0° and 760 mm.) will be 

absorbed by 10 grms. of SnCl 2 ? 

10. Express in symbolic formulas the equations for the reactions, in the wet way, 

of stannous and stannic chlorides. 
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2 . ANTIMONY, Sb'" and Atomic weight, 122 .— This 
metal is found native ; also in combination with oxygen as white 
antimony^ SbaOa, but more frequently as sulphide, Sb2S3 {grey anti- 
mony')^ and in combination with other metallic sulphides (Ag2S, 
PbS, 'Ou'2S), as sulphantimonite and sulphantimonate. 

EXAMINATION IN THE DRY WAY. 

On heating metallic antimony or an antimony mineral, e.^., grey 
antimoriy, with free access of air, either on charcoal or in a glass 
tube open at both ends, dense white fumes of antimonious and 
antimonic oxides are given off, which condense on the colder part 
of the charcoal or glass tube, thus : — 

Sb2S3 + Op = Sb203 + 3 SO 2 

Sublimed. 

All compounds of antimony can be reduced to the metallic state 
when heated on charcoal in the reducing flame, together with 
CON’ao2 and KCy. A brittle globule of metallic antimony is 
obtained, giving off dense white fumes of Sb^Os (even after the 
withdrawal of the metal from the flame), which thickly incrust the 
metallic globule with a network of brilliant acicular crystals. 

EXAMINATION IN THE WET WAY. 

Chlorine attacks antimony violently, forming with it SbCh or 
SbCls, according to the proportions of chlorine employed, and 
according to the temperature at which the combination takes place. 
Hydrochloric acid has scarcely any action upon the metal ; aqua 
regia dissolves it readily to SbCh. Nitric acid converts it into a 
compound containing Sb203 and Sb205, insoluble in nitric acid, 
soluble in tartaric acid. Grey antimony,^ Sb2S3, as well as SbgSs, 
dissolve in concentrated hydrochloric acid with evolution of sulphu- 
retted hydrogen, the latter sulphide with separation of sulphur. 

Antimony forms two serieS of compounds by combining either 
with three or five atoms of chlorine, etc., viz. : — 


Antimonious compounds. 

Sb'"Cl 8 , Antimonious chloride. 

„ oxide. 

Sb'"2S3, „ Pulpliido. 

Sb'"OB[o, Metantimonious acid. 


Antimonic compounds. 

Sb^Cls, Antimonic chloride. 

Sb^205, „ oxide. 

Sbv2S6» )) sulphide. 

Sb^02Ho, Metantimonic acid.* 


Both these acids can enter into combination with strong bases, 
such as potassa, or soda, to form weak salts, — metantimonites and 
metantimonates, viz. : — 

Sb'"OKo, Potassic metantimonite. 

Sb^ 02 Ko, Potassic metantimonate. 

Sb^OoNao, Sodic metantimonate. 


* Orthantimonic acid, SbOHoa, and pjrantimonic acid, Sb208Ho4 (said to be 
formed when antimonic chloride is decomposed by water), are little known. 
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Sb^02(Sb'"02)^ antimonylic metantimonate, or 

timonic tetroxide, is formed when antimonic oxide (obtained by dis- 
solving antimony in nitric acid) is ignited. This compound is of 
some importance, as it serves for the quantitative estimation of 
antimony. 

A. Antimonious compounds. — A SOLUTION OF ANTIMONIOUS CHLO- 
RIDE, SbaCb, is employed for the reactions in the wet way. 

SH2 (sroup-rcascnt) gives an orange- red precipitate of hydrated 
antlmoiiious sulphide, Sb2S3, soluble in alkaline sulphides and in 
potassic or sodic hydrate ; reprecipitated by hydrochloric acid ; 
slightly soluble in ammonic hydrate, all bat insoluble in hydric 
ammonic carbonate and in hydric ammonic or hydric potassic sul- 
phites. It dissolves in boiling concentrated hydrochloric acid. 

Temperature and concentration of the reagents produce reciprocal effects. In 
a dilute hydrochloric acid solution the SbCla exchanges its chlorine in the cold 
for sulphur, with j)rccij)itation of Sb 2 S;{, whilst boiling concentrated hydrochloric 
acid dissolves SbgSa readily with evolution of SH 2 . 

SAm2 produces the same precipitate as SH2, soluble in excess. 

KHo or NaHo precipitate antimonions oxide, Sb203, readily 
soluble in excess, with formation of potassic antimonite. 

Am Ho, same precipitate, almost insoluble in excess. 

COAmo2, COK02, or CONao2, same precipitate. 

OH2 decomposes SbCb, forming a white insolulle basic salt, 
antimonious oxychloride, SbOCl, soluble in tartaric acid. (Dis- 
tinction FROM BiSMUTHOUS OXYCHLORIDE, BiOCl). Water, therefore, 
gives no precipitate with a solution of potassic antimonylic tartrate 
rC0(Sb'"02)' • 

J CHHo 

{tartar emetic') "S *, and alkalies and alkaline carbonates 

[cOKo 

produce a partial precipitation only after some time. 

Metallic Zn, Cu, Cd, Fe, Co, Sn, and Pb precipitate the metal in 
the absence of free nitric acid as a black powder. 

An exceedingly delicate reaction for antimony consists in preci- 
pitating the metal from a dilute hydrochloric acid solution on 
platinum foil or on the lid of a platinum crucible, by means of a 
small strip of metallic zinc. H and SbHa (antimonietted hydro- 
gen*) are evolved, and the platinum is stained brown or black by 
the deposited metal. Mere traces of antimony can thus be dis- 
covered. The stain is not affected by hot dilute hydrochloric acid, 
but disappears on heating with nitric acid. Tin cannot be precipi- 
tated on platinum. It is precipitated by zinc, and is readily soluble 
in hot dilute hydrochloric acid. 

Compounds containing triad antimony exhibit a tendency (less 
marked, however, than in stannous compounds) to combine with 


'Sb^^O* 

'Sbi^Oa’ 


dian- 


♦ Of this gas more at page 89. 
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more chlorine, etc., and to pass into pentad or antimonic compounds. 
Expressed graphically — 

Cl 


Antimonious 

chloride 


c\ 1/ 

>Sb< 
Cl ^ 


has two bonds left unsatisfied or latent. 


whilst pentad antimony in Sb^Ch or Sb^OCls (oxy- trichloride), has 
all its bonds satisfied, thus : — 


Antimonic 

chloride. 


Cl 

Cl I /Cl 
>Sb< 
cr ^ci 


Antimonic 

oxy-tri- 

chloride. 


0 

II 

Cl— Sb— Cl 

1 

Cl 


The following are some of the reactions naturally arising from 
this condition of antimonious compounds : — . 

When a current of chlorine gas is passed over solid SbCls, a molecule of 
chlorine is absorbed, and the chloride liquefies, thus : — 


SbCl;, + CI2 = SbClg. 
Solid Liquid 

antimonious antimonic 

chloride. chloride. 


Sodic metantimonito, SbONao, is oxidised, in the presence of sodic hydrate, 
by free iodine, with formation of sodic metantimonate, SbOaNao, and NaT, 
thus : — 

SbONao + I2 + 2NaHo = Sb02Nao + 2NaI + OH2. 

A hydrochloric acid solution of SbCh reduces AuOl;, to metallic gold 
(frequently with separation of Sb02Ho), thus : — 

fiSbClg + 2AUCI3 = SSbClj + Au2. 

Sodic metantimonito is oxidised in an alkaline solution by argentic oxide, 
OAg2, to sodic metantimonate, argentous oxide, OAg^, being formed, which 
is insoluble in ammonic hydrate, OAg2, being readily soluble. (Distikction 
BETWEEN Sb203 AND Sb205.) 

The sever^ reactions may be expressed as follows : 

(1) SbCla + 4NaHo = SbONao + 3NaCl + 2OH2. 

Sodic 

metantimonito. 

(2) 2N02Ago + 2NaHo = OAg2 + 2N02Nao + OHo. 

Argentic oxide 
(insoluble in Nallo, 
soluble in AmHo) . 

(3) SbONao + 20 Ago = Sb02Nao + 0Ag4. 

Black argentous 
oxide, insoluble 
in AmHo. 


SSONao2 (sodic hyposulphite) reduces antimonious compounds to metallic 
antimony, which combines with sulphur and forms Sb2Ss, thus : — 

SSSONaos + SbsOa = SbaSg + 3S02Nao2. 
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B. Antlmonlc compounds. — A SOLaTION OF POTASSIC xMETANTIMON- 
ATE, Sb 02 Ko, may conveniently be employed for studying the 
reactions in tbe wet way. 

This salt is prepared by fusing metantimonic acid, Sb 02 Ho, 
with a large excess of KHo, in a silver crucible, and dissolving the 
mass in cold water. Fused with caustic soda, a sodic metanti- 
monate is obtained, which is insoluble in water. 

Sb02Ko is readily decomposed by concentrated acids (hydro- 
chloric or nitric), metantimonic acid being precipitated. 

SH 2 gives from a solution of SbO^Ho in excess of hydrochloric 
acid, an orange precipitate of antimonic sulphide, Sb2S5, mixed with 
SbgSa and S ; soluble in alkaline sulphides, readily soluble in 
ammonic or potassic hydrate ; also soluble in boiling concentrated 
hydrochloric acid, with evolution of SH2 and deposition of S ; only 
very sparingly soluble in cold hydric ammonic carbonate. 

SAm2, same precipitate, soluble in excess. 

SO^Feo" does not reduce antimonic compounds. 

NOoAgo, added to an alkaline solution of SbO-^Ko, yields, for 
obvious reasons, only OAgi, readily soluble in ammonic hydrate. 

Antimonic compoimds', like stannic salts, can, under certain conditions, also 
act as oxidizing agents, e.g. : — 

On igniting antimonic! anli^dride, it splits up into SboOj and oxygen. 

SuCh precipitates SbOHo from a hydrocliloric acid solution of Sb02Ho, 
the SnClo being converted into SnCh. 

On boiling a solution of Sb02llo in hydrochloric acid with potassic iodide, 
iodine is liberated, colouring the solution brown. (SbOls is in fact frequently 
employed for the j)urpo8e of conveying chlorine to other bodies, both mineral and 
organic.) Iodine is set free, because SbClr,, on being heated, together with 2KI, 
forms SbCh + I 2 + 2hCl. The liberated iodine is readily rcciognized by means 
of starch paste, when the highly delicnite and characteristic blue iodide of starch 
reaction is obtained. (Distinction between antimonious and awttimonic 

COMrOUNDS.) 


QUESTIONS AND EXERCISES. 

• 

1. How is antimonipus chloride prepared? What change does it undergo 

when water is added to it ? 

2. How can the metal antimony be obtained from greg antimony ore ? 

3. By what characteristic reaction can antimony compounds be recognized when 

examined in the dry w^ay ? 

4. What is the action of concentrated nitric acid upon metallic antimony ? 

Explain the change by an equation. 

5. How can you distinguish between antimonious and antimonic compounds ? 

6. Explain the action of Zn or Fo upon a solution of SbCl^. 

7. What evidence have we to show the triad and pentad nature of Sb ? 

8. Give illustrations of the reducing action of antimonious compounds, e,g., 

antimonious chloride. 

9. Give instances of the oxidising action of antimonic compounds, e.g., metanti- 

monic acid. 

10. State how you would separate Sb from Sn, in the wet way. 

11. How can Sb be separated from Bi? 

12. Express by symbolic equations tlie reactions for antimony in the wet way. 

13. Calculate the percentage composition of white antimony and antimonious 

oxychloride. 

14. 1 grm. of a sample of grey antimony yielded on analysis^*854 grm. of Sb^O^ j 

what percentage of antimony does the ore contain ? 
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15. How would you separate Sn from Sb, in the dry way ? 

16. How much Sb 204 by weight will 1*32 grm. of metallic antimony yield ? 

17. How much chlorine by weight and by volume (at 0° C. and 760 mm.) is re- 

quired to convert 10 grms. of SbCls into SbCl 5 ? 

18. How much oxygen gas by weight and by volume (at 0® C. and 760 mm.) can 

be obtained by igniting 5 grms. of Sb.206 ? 

19. Describe the preparation of potassic metantimonate. 

20. How much Pb and Sb have to be employed to prepare 50 lb. of type metal, 

an alloy having the composition Pb 4 Sb ? 


3 . ARSENIC, As'" and Atomic weight, 75 . — This body 
constitutes one of the most widely diffused elements in nature. It 
is found native, but exists most frequently in combination with sul- 
f jAlsS" * 

phur as realgar, < diarsenious disulphide, and as orphnent, 

ASgS'^s, or arsenious sulphide (sulpharsenious anhydride) ; in com- 
bination with metals it exists in arsenical nidi el 




As' . 


copper 


f 'As"Ni . . f "As' 

nickel, < sind in smaltine, < Ai’senic acts in some 

of these mineral bodies more like a metalloid than a metal. Metallic 
arsenides are frequently found in combination with metallic sul- 
phides, such as the sulphides of Ag, Fe, Ni, Co, Cu, etc., as in the 

. f "A.s' 

common minei*al mispideel, or arsenical pgrites, < n^gfFe",Pe*^S2, in 

nickel glance or grey nickel ore, < ,,^g,Ni",Ni^^S2, njadin cohalt glance 

{ "As' 

rfAg'Co",Co*^S2. Arsenic occurs also in the form of metallic 

arsenate^, such as calcic, magnesic, nickelous, cobaltous, plumbic 
arsenates ; for example, in the mineral pharinacolite, As20aCao"2, 
6OH2 (calcic pyrarsenatc), in nickel odire, As2O2Nio"3,0OH2, in 
cobalt bloom, AS202Coo"3,80H2, and in mirnetedte, 3(AB202Fbo"3), 

PbCh. 


Traces of arsenic are almost- invariably found in commercial sulphur, iron, 
copper, tin, and antimony. On account of the solubility of its oxides, arsenic is 
sometimes found in mineral springs and in the ochreous deposits from mineral 
waters. 

EXAMINATION IN THE DRY WAY. 


Arsenic can be completely volatilized. When heated in contact 
with air, either on charcoal or in an open tube, it burns and forms 
arsenious anhydride, AS2O3, giving off at the same time a peculiar 
and most characteristic garlic odour. Arsenical compounds give 
the same indications when heated by themselves, on charcoal in the 
reducing flame, and on the addition of sodic carbonate and potassie 
cyanide, whether the arsenic be presemt as arsenite or arsenate. The 
blowpipe experiments should be performed with great precaution, 
since arsenical fumes are poisonous. The reaction being so very 
delicate, small quantities only of the substance should be operated 
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Wlien arsenical compounds 
are heated in a bulb*tube, Fig. 

8 , a, mixed with a proper re- 
ducing agent (such as sodic 
carbonate and charcoal powder 
or black-flux), metallic arsenic 
sublimes and is deposited in the 
shape of a lustrous steel grey 
mirror, in the upper part of 
tlic tube. 

EXAMINATION IN THE WET WAY. 

Chlorine attacks arsenic violently, forming a highly poisonous 
liquid, arsenious chloride, AsCU. Hydrochloric acid docs not act 
upon arsenic ; nitric acid oxidizes it to arsenious and arsenic acids, 
according to the concentration of the acid. 

Arsenic forms two oundeSy sulphides, etc., and two well characterized 
series of salts, arsenltes, and arsenates. 



A. Arsenious comiiouiids. — We may employ either a solution 
OF ARSENIOUS ANHYDRIDE, ASoOj, in dilute hydrochloric acid, or AN 
AQUEOUS SOLUTION OF AN ARSENiTE, AsKoj (tripotassic arsciiite). 

SH2 (Kroup-reagrcnt) produces in an acid solution of AS2O3, 
especially on gently heating, a lenioa-yellotv precipitate of arsenious 
sulphide, AS2S3, readily soluble in caustic alkalies, in alkaline car- 
bonates and sulphides forming alkaline arsenites and sulphar- 
senites ; it is reprecipitated from any of these solutions on tbe 
addition of dilute hydrochloric or nitric acid. It is nearly insoluble 
in concentrated hydrochloric acid, even on boiling; but soluble in 
nitric acid. On digesting freshly precipitated arsenious sulphide 
in a solution of hydric potassic sulphite, SOIloKo, and dxcess of 
sulphurous acid, the yellow precipitate is dissolved, and the solution 
contains potassic metarsenite and ])otassic hyposulphite, after driving 
off the excess of sulphurous acid by evaporation, thus ; — 

2AS..S3 + IGSOHoKo = 4 AsOKo + GSSOKo^ + S3 -f 780 . 

+ 8OH2. 

2, same precipitate soluble in excess. 

N02Ago produces from a solution of a neutrararsenite, or from 
a solution of AS2O3 in water, rendered neutral by cautiously add- 
ing ammonic hydrate, a yellow precipitate ^of trlar^entic arseutte, 
AsAgOs, readily soluble in ammonic hydrate, ammonic chloride, 
or nitric acid. The ammoniacal solution of AsAg03 and OAg2 is 
decomposed on boiling, with separation of metallic silver and for- 
mation of trlarireiitlc arsenate, AsOAgOa, thus : — 

AsAgOa -h OAg2 = AsOAgog -h Ag7. 

Soluble in Soluble in Soluble in Black 
AiuHo. AmHo. AraHo. precipitate. 

SO2CU0" produces a cliaracteristir yellowish-green precipitate of hydrle 

a 2 
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cupric arsenitCy AsHoCuo'' (Sckeele*s green) , from a solution of tripotassir* 
arsenite, readily soluble in ammonic hydrate, ammonic chloride, or nitric acid. 

S02Mgo^' gives no precipitate in the presence of free ammonic hydrate and 
ammonic cliloride. 

BeinscVs test. — Arsenic is precipitated on a strip of clean metallic 
copper, immersed in a hydrochloric acid solution of AS2O3, in the 
form of a grey film of ASoCus, from highly dilute solutions, espe- 
cially on heating. The film peels off in black scales if the solution 
contain sufficient arsenic. The presence of the metal should be 
confirmed in the dry way, especially as antimony is also precipitated 
by metallic copper under similar conditions. 

Arsenic us compounds exert a powerful reducing action^ when 
brought together with bodies that are capable of parting with 
oxygen, chlorine, etc. This property is even more marked in 
arsenious than in antimonious compounds. Triad arsenic com- 
pounds, containing two unsatisfied bonds, give rise to numerous 
interesting reactions, thus : — 

AuOh (auric cliloride) produces from an acid solution of As^Og a preci- 
pitate of metallic gold, and the rea(;tion is so accurate that the amount of 
arsenic can be determined quantitatively from the weight of the precipitated 
gold. 

Two atoms of A\i {2 x 196*7) = three atoms of As (3 x 75). 

4AUCI3 + 3A82O3 -I- I5OH2 = 6ASOH03 + Au4 4- 12HC1. 

Chlorine water, or compounds capable of yielding chlorine, such as a solution 
of bleaching powder, or of sodic hypochlorite, ClNao {Eau de Javelle), oxidize 
A82O8 rapidly, thus : — 

A82O3 2CI2 + 5OH2 - 2 AsOHo 3 + 4HC1. 

Iodine, , dissolved in a solution of potassic iodide, likewise converts a solution 
of A82O3, dissolved in excess of hydric sodic carbonate, into As20r„ with forma- 
tion of an alkaline iodide, thus : — 

AsHoNao2 + 2COHoNao + I2 = A80HoNao2 + 2NaI + OH2 + 2CO2. 

Chlorine, iodine, and bromine act as oxidizing agents by decomposing water 
or a metallic oxide. They form, with the hydrogen, HCl, HI, HBr, or with a 
metal the corresponding haloid salt, and the oxygen is transferred to the 
AB2O3. 

The oxidizing action of OAg2 upon AaAgo^ in an ammoniacal solution has 
already been noticed. ^ 

An analogous change is produced by cupric oxide in the presence of potassic 
hydrate. On adding to a strongly alkaline solution of tripotassic; arsenite a few 
drops of cupric sulphate, and applying a gentle heat, the blue solution deposits a 
red precipitate of cuprous oxide, CugO, and leaves tripotassic arsenate, AaOKo^, 
in solution. (Distinction between A82O3 and A82O5.) 

The deoxidizing action which arsenious compounds exert upon the higher 
oxides of chromium (chromates) and manganese (manganates and permanga- 
nates), has already been described, pages 46 and 32. 

• 

B. Arsenic Compounds. — We employ AN aqueous solution of 
TRIPOTASSIC ARSENATE, AsOKOg. 

SH2 gives scarcely any precipitate from an acidulated solution 
of AsOKos, until the solution is heated, and a current of gas passed 
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through for some time. It is difficult to effect complete precipitation 
even then. The precipitate consists of arsenious sulphide and sulphur. 
It is preferable to reduce the As^Os first to ASgOa, by a more power- 
ful reducing agent than SHo, for example, by sulphurous acid, or 
an acid sulphite, such as SOHoKo or SOHoAmo — 

AsOKoa + SOH02 = AsKoa + SO2H02, 

whence sulphuretted hydrogen precipitates the arsenic readily as 
arsenious sulphide. 

NOgAgo giYe^^reddish-broiim precipitate of trlariirentlc arsenate, 
AsOAgOg, soluble in ammonic hydrate and in nitric acid. 

SOgCuo" produces a pale greenish-hlue precipitate of hydrtc cupric 
arsenate, AsOHoCuo", soluble iu ammonic hydrate and nitric acid. 

SOoMgo", in the presence of ammonic chloride and ammonic 
hydrate, gives a white cry stall me precipitate of ammonic ma^nesic 
arsenate, AsOAmoMgo" (distinction of AS2O3 from AS2O6). 

FegClfi gives a yellowish- white precipitate of ferric arsenate, As202Fe20'"h 
Co’ y2l^ho" (plumlilc acetate) gives a tvhlte precipitate of triplumblc 
arsenate, As202Pbu''3. 

M!02Amo2 (ammonic molybdate), dissolved in nitric acid, gives a yellow 
precipitate of arsenlo-ammoiiic molybdate. 

Metallic copper does not precipitate metallic arsenic from dilute 
acid solutions of ASgOs ; but on adding concentrated hydrochloric 
acid, and heating, a grey film of AS2CU5 is obtained (distinction 

BETWEEN AS2O3 AND ASgOs). 

Arsenic as well as arsenious compounds are capable of oxidizing 
other bodies, and become themselves reduced either to a lower oxide 
(^sulphide), or to the metallic state, • 

Sulphurous acid reduces arsenic to arsenious acid. 

SSONaoo (sodic hyposulpliite) deprives arsenious acid of ifs oxygen, and 
converts it into AS2S3, thus : — 

2AsIIo 3 + SSSONaog = As2S3’+ SSOgNaog + SOHg. 

Carbon reduces both Oxides of Arsenic to Metallic Arsenic . — A frag- 
ment of arsenious anhydride {white arsenic') is placed in the pointed 
end, a, of a h«rd glass tube drawn out before the blowpipe, as seen in 
Fig. 9 . A splinter of 
well ignited charcoal is 
next placed in the nar- 
row part of the tube at 
b, somewhat above the 
fragment of the arse- 
nical compound. This 
charcoal is heated over 
a gas flame or the flame 
of a spirit lamp. When 
the charcoal is well 
ignited a second flame 
is applied to the lower 
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end of the tnbe in order to volatilize the arsenical compound, the 
vapour of which, on passing over the glowing charcoal, is deprived 
of its oxygen, and metallic arsenic is deposited in the form of a 
shining black mirror on the inside of the tube, above the charcoal 
at c. The reaction takes place according to the equation : — 

2AS2O3 + 3 C = AS4 3CO2. 


This test is very delicate. Arsenic, in the form of an arsenite or 
arsenate, is liberated by mixing perfectly dry charcoal powder, or 
black-flux, with the dry substance, previous to its introduction into 
the drawn out portion of the tube, which for this purpose has n 
small bulb blown at its lower end. The sublimation of metallic 
arsenic is accompanied b}^ the characteristic garlic odour, 

KCy reduces arsenical 
compounds — oxides as well 
as sulphides — with forma- 
tion of potassic cyanate or 
sulphocyanatc. A mixture 
of potassic cyanide with 
the arsenical compound is 
heated in a bulb tube, a 
(Fig. 10 ). Metallic arsenic is deposited at ?>. 

The changes are expressed as follows : — 



Fio. 10. 


2AS2O3 + ()KCy = 6GyKo + AS4. 

Potassic 

cyanate. 


, 2AS2S3 + ()KCy = 6CyKs + AS4. 

Potassic 

8 iilpbo(;yanate. 

But since potassic cyanide cont#\ins potassic cyanate, as well as potassic car- 
bonate' (its composition may be expressed by the formula 5KCy + CyKo 4 
j:COKo 2 ), a portion only of the arsenic in AsgSg is obtained in the metallic 
form, and a sulpharsenate is formed which is not reduced by potassic cyanide. 
On mixing the arsenious sulphide with sulphur, the whole of the arsenic remains 
behind in the fused mass, as sulpharsenate, and no metallic deposit is obtained. 
(In the presence of suljhides of Pb, Cu, Ag, Au, Ni, Co, Fe — as, e.g,^ of FeSa, 
in arsenical pyrites, NiSa, in nickel glance — which are reduced to the metallic 
state by the action of potassic cyanide, scarcely any arsenical mirror is obtained, 
because the liberated metallic arsenic — a portion only of the arsenic being liberated 
— ^would immediately alloy itself with the metals.) These changes are expressi'd 
by the equations : — 

( 1 ) - 

( 2 ) 4AS2S6 + I2OOK02 = SAsSKss + SAsOKoy + I2CO2. 

The reduction is generally effected by mixing dry arsenious sulphide with one 
part of potassic cyanide and three parts of sodic carbonate, and introducing the 
mixture into a piece of combustion tube, C, drawn out to a point, as seen on a 
larger scale in Fig. 11 . A slow' current of carbonic anhydride generated from 
marble and hydrochloric acid in the flask A, Fig. 12 , and dried by passing 
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through h into the flask B* containing concentrated sulphuric acid, and out 
through the delivery tube c, is passed over the mixture in tube C, heated at 



o 

Fig. 11. 





first gontly, till all the moisture has been driven out, and then strongly to fusion, 
— when a mirror of metallic arsenic collects in the neck of the drawn-out tube. 

The reaction has this advantage, that no antimony mirror is obtained in the 
same way. ^ 

In order, liowever, to avoid missing the arsenic, either altogether or obtaining 
only a portion of it, as stated above, it is preferable to treat the arsenious sul- 
phide with a few drops of concentrated nitric acid, and to evaporate with a little 
sulphuric acid (in order to decompose any metallic nitrates, if present). The 
sulphuric acid is next neutralised with sodic carbonate, and the mass thoroughly 
dried, before mixing it with potassic cyanide and reducing it as described. The 
fused mass retains the antimony, and a good arstmical mirror is obtained, pro- 
vided no lead, copper, or other reducible metals were present. 

Arsenious and arsenic acids arc both reduced by nascent hydro- 
gen, which combines with the oxygen of the arsenical oxides to 
form water, whilst the arsenic in its nascent state, or the very 
moment it is liberated from the oxygen, combines likewise with 
hydrogen to form a gaseous compound of arsenic, called arsenietterl 
hydrogen (arsenious hydride) — As'"!!-,. TMs gas is obtained pure 
by acting with dilute sulphuric acid upon an alloy of zinc and 
arsenic. The zinc takes the place of the hydrogen in the acid, and 
arsenietfced hydrogen is liberated, thus : — 

ASgZua + 3 SO 2 H 02 = SSOaZno" + 2AsFj. 

Arsenietted hydrogen is an exceedingly poison jus gas, and the 
shudent should on no account attempt to prepare it pare. Its 
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properties may be studied equally well in a mixture of the gas witli 
much hydrogen. 

The experiment should be conducted in a closet, connected with 
a chimney or flue, where a good indraught of air can be obtained. 
Arsenietted hydrogen possesses a very nauseous odour, and burns 
with a peculiarly livid bluish flame, when the jet of hydrogen and 
arsenietted hydrogen gas is lighted, owing to the combustion of 
arsenic to arsenious anhydride which rises in white fumes. 

Q-eneratc hydrogen in a flask, a, Fig. 13, from pure zinc (free from arsenic) 
and pure dilute sulphuric acid. Dry the gas by passing it over caL-ic chlorich* 
and connect the drying tube, &, with a piece of hard glass tubing, c, drawn out 



to a jet. The hydrogen gas may be ignited at the jet, as soon as it has displaced 
the air in the generating flaslc^ a, and drying tnhe^ h. It burns with an almost 
colourless flame if the zinc and acid are pure. On introducing a few drops of an 
arsenious or arsenic acid solution* through the funnel -tube, the flame is seen to 
change Ifj blue, and on holding a piece of porcelain {e.g.^ a dish, or the lid ol’ a 
porcelain crucible) into the flame, a black mirror or deposit of metallic arsenic is 
obtained. Or the metal may be collected — by heating the glass tube through 
which the arsenietted hydrogen passes— in the form of a metallic ring, d, which 
deposits within the tube immediately behind the spot where the glass is heated. 
The hydrogen should not be generated too rapidly, if a good ring is to be obtained . 
The mirror may be driven on to e by gradually moving the flame from c 
towards d. 

Several arsenical mirrors may be obtained if a long piece of narrow combus- 
tion tube. Fig. 14, be employed, which has been contracted in several places by 
drawing it out in the flame of a blowpipe. Arsenietted hydrogen is generated 
in the flask, a, and passing through 6, the drying tube, c, and combustion tube, d, 
issues from the drawn-out jet, where it can be burnt. The tube, <7, is heated in 
one or in several places, just before the several drawn-out narrow parts. An 
arsenical mirror is obtained a little behind the heated part of the tube, as seen in 
Fig. 14. Little or no arsenietted hydrogen need thus escape from the jet , 
especially if a slow current of hydrogen be geiierated. 

The deposition of arsenic in the tube or on the cold porcelain 
arises from the decomposition of the arsenietted hydrogen, which, 

* It should be borne in mind, that only acid solutions of the oxides of arsenic 
can be employed. Any considerable excess of oxidizing agents, su(;h as nitric, 
chloric, etc., acids, should also be avoided. The same holds good for the prepa- 
ration of SblTj. 
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at a tigt temperature, is broken up into arsenic, which is deposited, 
and hydrogen, which passes on and burns at the Jet. The decom- 



Fl«. 14. 


position wliich takes place when a cold piece of porcelain is lowered 
into the flame, is readily explained, if we remember what takes place 
when some cold porcelain is held in a candle or gas flame. We ob- 
tain a deposit of soot (finely-divided carbon from the hydrocarbons), 
because the combustion is disturbed, and the temperature of the 
flame suddenly lowered. The flame can only burn where it is in 
contact with air, i.e.^ on the outside. The arsenietted hydrogen on 
passing through the inner portion of the flame, is decomposed by the 
heat into arsenic vapour and hydrogen gas ; the latter escapes 
through the outer portion of the flame, and is burnt, arsenic being 
deposited on the cold porcelain suj’face. The decomposition of 
arsenietted hydrogen takes place, even if very little of the gas be 
mixed with much hydrogen gas, and this test — known as Marshes 
test — is therefore extremely delicate. 

It is of paramount importance that both zinc and sulphuric acid should be 
tested first. This is done by generating hydrogen, and allowing the gas to escape 
by itself for some time, through the combustion tube ignited in several places. 

Care should also be taken to avoid introducing nitric acid, since arsenietted 
hydrogen is readily decomposed by this acid. It is therefore preferable to dis- 
solve arsenical compounds in hydrochloric acid, with the addition of a few small 
crystals of potassic chlorate, and to heat gently tiH, no more chlorous odour is 
observable. 

The metal antimony forms with nascent hydrogen a combustible 
gas analogous to arsenietted hydrogen, called antimonietted hydrogen 
(antimonious hydnde), SbHg. It is prepared by acting with dilute 
sulphuric or hydrochloric acid upon an alloy of three atoms of zinc 
and two atoms of antimony, thus : — 

SbjZna + 3SO2H02 = SSOiZno" + 2 SbH 3 . 
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Mixed with hydrogen gas it is obtained by introducing into a 
hydrogen apparatus a few drops of an antimony solution (SbCh, 
SDO2K0, or tartar emetic). The greater part of the antimony, 
however, remains behind, precipitated as metal on the zinc. The 
hydrogen flame turns at once bluish-green, and white fumes of 
antimonious oxide, Sb203, ascend into the air. The gas has no 
odour, and is not poisonous.* On depressing a cold piece of por- 
celain into the flame, metallic antimony is deposited, and on 
heating the combustion tube, as in the case of the arsenic experi- 
ment, the gas is likewise decomposed into metallic antimony, whicl) 
collects in the narrowed portions of the tube and forms a 
hlach 7nirro)\ and hydrogen, which escapes and can be burnt ar 
the jet. 

Since both arsenic and antimony produce a metallic mirror, such 
mirror may be due to either metal or to a mixture of the two metals 
(in which case, however, the more volatile arsenic is deposited 
further away from the flame, and a part of the antimony is found 
anterior to the spot where the glass tube is heated), and it is obvious 
that we must make further experiments in order to disthiguish the 
arsenic from the antimony in the mirror itself. 

This can bo clone very readily — 

Ist. By adding to the mirror obtained on cold porcelain a concentrated solu- 
tion of bleaching powder, or of sodic hypochlorite {liJau deJavelle ) ; or by simply 
exposing the mirror to chlorine gas, evolved by treating a little bleaching powder 
with dilute hydrochloric acid : the arsenical mirror is speedily dissolved ; antimony 
only after some lengthened exposure, thus : — 

As^ + 5ClNao = AS 2 O 5 + 5NaCl. 


2nd. By passing a very slow cun’ent of dry sulphuretted hydrogen through 
the glass tube containing the arsenic and antimony mirror, and apjdying a gentle 
heat. Tk e metals are converted into sulphides — arsenic into lemon-yellow arse- 
nious sulphide, and antimony into a black or partly orange-red antimonious 
sulphide ; and, if both metals are present, the two sulphides appear side by side ; 
the former somewhat in front of the latter, arsenious sulphide being the more 
volatile of the two sulphides. On •passing next a current of dry hydrochloric 
acid gas without the application of heat, antimonious sulphide disappears 
entirely, being converted into antimonious chloride, which volatilizes in the 
current of hydrochloric acid gas, and may be passed into water and tested by 
means of sulphuretted hydrogen. Arsenious sulphide remains unalTected, even 
if the hydrochloric acid gas be passed over it for some time. The residuary arse- 
nious siilphide dissolves readily in hydric ammonic carbonate^ COHoAmo. 

Antimonietted and arsenietted hydrogen can moreover be distinguished from 
each other by passing a slow current of the mixed gases into a solution of 
argentic nitrate ; argentic oxide, acting the part of an oxidizing agent, converts 
arsenietted hydrogen into arsenious acid, thus : — 

AsHs + 6N02Ago + 3OH2 == Agg -1- AsHoa + 6NO2H0. 

Antimonietted hydrogen is not acted upon in like manner. The oxidation 
extends only to the hydrogen and not to the antimony, the metallic silver taking 
the place of the hydrogen, thus : — 

SbHa + SNOsAgo = SbAg., + 3NO3H0. 


* The evidence on fhis point appears to be doubtful. 
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The arsenioTis acid is separated by filtration from the insoluble BbAgs, and 
Ag. On cautiously adding to the filtrate a dilute solution of ammonic hydrate, 
a yellow precipitate of trlarsentlc arsenite is obtained, where the two layers 
of the ammonic hydrate and acid solution meet. 

The residue is boiled with a solution of tartaric acid, when the antimonious 
argontide is acted upon with formation of soluble antimonious tartrate (?) , silver 
being left behind. Filter ; acidulate the filtrate witli dilute hydrochloric acid, 
and pass sulphuretted hydrogen. An orange precipitate indicates antimony. 
Another method of detecting the antimony consists in digesting the SbAgs wil h 
yellow ammonic sulphide, wdicn the Sb is dissolved out as sulphantimonite, and 
can be separated from the filtered solution by HCl as Sb^Sij. 

QUESTIONS AND EXERCISES. 

1. Which are the most important natural compounds of arsenic ? 

2. Translate into graphic formula? the symbolic formulf© of realgar^ orjgimeni^ 

copper nickel^ smalt \ne^ nickel ochre, 

3. Adduce evidences of the triad and pentad nature of arsenic. 

4. What changes does metallic arsenic undergo when heated, 1st, by itself, in a 

current of a neutral gas (COo or II) ; 2ndly, in contact with tiir ; Srdly, in 
contact with chlorine ? 

5. How is metallic arsenic obtained from white arsenic ? 

6. How can arsenious compounds be distinguished in the presence of arsenic 

compounds ? Give several methods. 

7. What action has sulphuretted hydrogen upon an acid solution of arsenious 

and upon a solution of arsenic acid ? 

8. Express by an equation the reaction which takes place when arsenious 

sulphide is dissolved j Ist, in NaHo ; 2nd]y, in SAm.^ j Srdly, in 
COHoAmo. 

9. What precipitates are produced wdien argentic nitrate is added to a neutral 

solution of an arsenite or arsenate ? 

10. Why is triargentic arsenite, in an ammoniacal solution, converted on boiling 

into triargentic arsenate. Express the change by equations. 

11. What is the action of magnesie sulphate in an ammoniacal solution (so-called 

magnesia mixture) upon arsenious and arsenic solutions? 

12. Give a few instances of the reducing action of arsenious compounds. Ex- 

press the changes by equations. 

13. Explain the oxidizing action of chlorine, bromine, and iodine upon arsenious 

compounds. 

14. What takes place when metallic copper- is introduced into a dilute hydro- 

chloric acid solution : 1st, of AS2O3 ; iindly, of AsoOg (Roinsch’s 
test) ? 

15. Explain under what conditions arsenic, as well as arsenious compounds, act 

as oxidizing agents. Give examples, and express the changes by equa- 
tions. 

16. Explain why a portion of the arsenic only is liberated, when an arsenical 

sulphide is heated wdth potassic cyanide. Give equations. 

17. Explain how the presence of free sulphur, or the presence of certain metallic 

sulphides influences the reduction of arsenical compounds by potassic 
cyanide. Give equations. 

18. Explain the reduction of arsenical compounds by nascent hydrogen (Marsh’s 

test), and show by equations the formation of arsenietfed hydrogen. 

19. What change does arsenietfed hydrogen undergo : 1st, when burnt in the air; 

2ndly, when passed through a tube heated in one or more places ; Srdly, 
When passed into a solution of argentic nitrate ; 4thly, when passed 
through concentrated nitric acid ? 

20. Explain the formation of antimonietted hydrogen, and state — Ist, what pro- 

perties arsenietted hydrogen has in common with antimonietted hydro- 
gen ; and, 2ndly, how it differs from the latter in its chemical deportment 
with argentic nitrate. 
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21. How would you distinguish between an arsenic and antimony mirror ? 

22 . State how arsenic can be separated— 1st, from antimony, 2ndly, from tin. 

23. 1'2 grm. of finely divided gold has been obtained by boiling a solution of 

arsenious acid with auric chloride : how much A 8 ;t 03 by weight did the 
solution contain ? 

24. Calculate the percentage composition of ammonic magnesic arsenate, 

(AsOAmoMgo" + 6Aq.) 


4. GOLD, Au' and Atomic weight, 19G*7. — Gold is gene- 
rally found native and is then readily recognised by its colour, 
malleability, and physical character generally. Gold occurs in any- 
thing like considerable quantities in combination only with the rare 
element tellurium. In small quantities it occasionally accompanies 
metallic sulphides. 


EXAMINATION IN THE DRY WAY. 

When heated on charcoal with sodic carbonate and borax in the 
reducing flame, gold compounds yield a yellow, very malleable 
globule of metallic gold. 

To detect gold in argentiferous minerals in which it is present only in minute 
quantities, and associated with large quantities of other non-volatile metals, the 
powdered mineral is fused with borax and metallic lead, and the metallic button 
cupelled, as will be described under silver. The globule of white metal which is 
left on the cupel is beaten out, and the silver dissolved by digesting with a little 
nitric acid in a small porcelain dish. The argentic nitrate is poured off*, and 
the gold washed with distilled water. The black insoluble residue is once more 
fused on charcoal before the blow'pipe, when it assumes the well-known appear- 
ance of fine gold. 

Old silver coins frequently contain a small quantity of gold, wdiich, on dis- 
solving in nitric acid, is left as a black powder. 

Wheij an insufficient quantity of silver is present in the button (which may 
be inferred from its pale-yellow colour), from two to four times its own weight 
of silver should be fused up with it, and the button so obtained beaten out and 
then treated with nitric acid in order to separate or jp art ” the gold . — Method 
of assaying gold. 


EXAMINATION IN THE WET WAY. 


Gold when unalloyed is soluble in aqua reAjia only, forming a 
SOLUTION OF AURIC CHLORIDE, AuCla, which may be employed for 
studying the reactions in the wet way. 

SH 2 (gfroup-rcasent) gives from a cold solution a Hack preci- 
pitate of auric sulphide, AU 2 S 3 , from a boiling solution a hrownlsh 

f "An' 

precipitate of aurous sulphide, AUgS = < ‘ These precipi- 


tates are insoluble in hydrochloric and nitric acids, but dissolve iii 
aqua regia. They are likewise insoluble in normal ammonic sul- 
phide, but soluble, although with difficulty, in yellow sulphide, more 
readily in yellow sodic sulphide, with which they form a sulpho-salt, 
AuNasg. 

SAmz and SSONao 2 , same precipitate. 

KHo or NaHo produces no precipitate. 

AmHo produces from a concentrated solution of auric chloride a 
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reddish-yellow precipitate of ammonlc aurate or fulmlnatlniT sold, 

(NHs)2Au20„ =N''H^HoAu^’ 

2AUOI3 + 8AmHo = (NH3)2 Au 20, + GAmCI + SOHj. 

The detection of gold is attended with no difficulty, owing to 
the facility with which auric chloride is reduced to the metallic 
state. Gold has little affinity for non-metallic elements ; the com- 
pounds which it forms with them are readily broken up by heat 
alone, or on being brought in contact with bodies which have more 
affinity for the metalloids, leaving metallic gold in a finely-divided 
condition, as a brown powder, which acquires metallic lustre when 
dried and rubbed in a mortar. Hence in auric chloride we possess a 
powerful oxidizing agent, as we have already seen under tin, anti- 
mony, rnd arsenic. The same oxidizing action is called into play, 
when AuCh comes together with solutions of sulphurous and oxalic 
acids, ferrous sulphate, or chloride, cuprous chloride, dissolved in 
hydrochloric acid, mercurous nitrate, potassic nitrite, sugar in an 
alkaline liquid, and many other organic substances {c.g.^ the epider- 
mis); arsenietted, antimonietted, and phosphoretted hydrogen decom- 
pose AuCla likewise. 

The following equations express these changes ; — 


(1) 2AUC13, 

when ignited splits up into Au2 

+ 

3012. 



(2) AU2S3, 


» )> )> 

Au 2 

+ 

83. 



(3) 2AUCI3 

+ 

3sono2 + 30H2 = 

Au 2 

+ 

38021102 

4 

6HC1. 

(4) 2A'aCl3 

+ 

rcoHo 

‘^iCOHo 

Au2 

+ 

OCO2 

+ 

6HC1. 

(5) 2AUCI3 

+ 

GFeCls = 

Au2 

+ 

3Fe20Is 



(6) 2AUCI3 

+ 

GSOiFeo" 

Au2 

+ 

Fe2Cl5 


2S306Fe20^‘. 

(7) 2AUCI3 

+ 

SCujCls = 

A1I2 

+ 

6CUCI2. 



(8) 2AUCI3 

+ 

qNOi-rr // 

Au2 


„N02„ „ 

+ 

SHfirClj. 

(9) 2AUCI3 

+ 

3NOKo + 3OH2 = 

Au2 


SNOjKo 

+ 

6HC]. 

(10) 2AUCI3 

+ 

2ASH3 + 3OII2 = 

Au2 

+ 

2AbHo3 

+ 

6HCL 

(11) 2AUCI3 

+ 

SbHj 

Au2 

+ 

SbCls 

+ 

3HC1. 


In the analysis of a solution containing gold, as well as some 
other metals of Group II, precipitable by SHj, it is usual to first 
remove the gold in the metallic state, by boiling with oxalic and 
hydrochloric acids, before passing SH2. The precipitated gold is 
collected on a filter and fused to a button on charcoal. 

Gold is precipitated from a hydrochloric acid solution of AuCh 
by most metals, even by Pt, Ag, and Hg. 

QUESTIONS AND EXERCISES. 

1. How would you treat a silver coin containing a small quantity of gold, in 

order to extract this latter metal from it ? 

2. How is AuCls prepared ? 
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3. Describe how pure metallic gold is prepared from AuOls, in the wet way. 

4. Explain the change which AU2S,, undergoes, Ist, when gently lieated in a 

bidb tube ; 2ndly, when heated in a tube open at both ends. 

6. What reaction takes place when AUOI3 is brought together with bodies whicli 
have any latent bonds left ? Give instances of such reactions and express 
the changes by equations. 

6. How can gold be separated from an alloy of Au, Ag, and Cu ? 

7. 9‘37 grms. of a gold mineral, when treated with aqua regia and reduced by 

reCl2, yield *53 grm. of metallic gold ; what is the percentage of gold in 
the mineral ? 

8. How much clilorine gas, by weight and by volume, can be obtained by the 

ignition of 1*25 grm. of AuCls? 

9. What action takes place when a piece of gold is suspended from the positive 

electrode in a bath of AUCI3, metallic copper forming the negative elec- 
trode ? Explain toe process of electro-gilding. 


5. PLATINUM^ Pt" and * Atomic weight, 197‘4. — This 
metal is found native, but more frequently alloyed with other metals. 
It is characterized by its infusibility before the blowpipe, and is not 
acted upon by the usual fluxes. It can, therefore, only be examined 
m the wet way. 

Unalloyed platinum is not attacked by either nitric, hydrochloric, 
or sulphuric acid, but by a<2ua rcyia, with formation of platinic 
chloride, PtCb. A solutioj^ of this salt is employed for studying 
the reactions of platinum. 

SH 2 (»roup-rea»eiit) produces slowly a dark hroum precipitate 
of platinic disulphide, PtS 2 . On heating, the precipitate forms 
quickly. It is insoluble in nitric or hydrochloric acid, soluble in 
aqua regia ; difficultly soluble in normal ammonic sulphide, more 
speedily in yellow sulphide, with which it forms a sulpho-salt, 
PtSAnfSg. Heated out of contact with air, it is decomposed into 
"Pt'S and S. 

SAmz, same precipitate, 

PtCU is interesting on acqount of the compounds which it forms 
with the chlorides of the alkali metals (and with the chlorides of 
many organic bodies, e.g , the so-called alkaloids, such as quinine, 
nicotine, etc.). 

AmCl produces a Ugy yelloiv crystalline precipitate of ammonic 
platinic chloride, 2 AmCl,PtCl 4 . From dilute solutions a precipitate 
is obtained only after evaporation to dryness on a water-bath. The 
precipitate is somewhat soluble in water,’ insoluble in alcohol. 

KCl produces a yellow crystalline precipitate of potasslc platinic 
chloride, 2KCl,PtCl4, analogous in its appearance and properties to 
the precipitate just described. 

NaCl forms -with platinic chloride a double chloride, which is, however, 
soluble in water, and is obtained in needle-shaped crystals only after considerable 
eva}x»ration. 

The precipitate produced by platinic chloride with AmCl and 
KCl serves for the detection and isolation of platinum, and viceversd^ 
for the detection of ammonium or potassium compounds. (Comp. 
Chapter II.) 
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Platinum is capable of forming a lower chloride, viz., platinous 
cliloride, "Pt"Cl.., in which the platinum acts as a dyad. This salt 
is obtained by heating the platinic chloride for some time in an air- 
or oil- bath up to 204 ' C., as long as any chlorine is evolved ; or by 
acting with sulphurous acid upon a solution of platinic chloride, 
until the latter ceases to give a precipitate with ammonic chloride, 
PtCb is a greenish-grey powder, insoluhle in water, but soluble in 
hydrochloric acid. 

Several reactions in the wet way for platinum are based upon 
the power, which its salts possess, of oxidizing other bodies which 
have some bonds left unsatisfied ; but as platinic salts are not so 
easily reduced as gold salts, a solution of the latter metal is generally 
preferred. After what has been stated under gold,, the following 
reactions will be readily understood : — 

PtCb produces with SnCI^ only a dark .brownish-red colour, 
owing to the reduction of the platinic to platinous chloride. 

PtCb is reduced by SOaPeo" only after long-continued boil- 
ing. 

r H 

PtCU is reduced to platinum by formic acid, < heat- 

ing, if the free acid be neutralized with sodic carbonate. 

Metallic zinc precipitates metallic platinum. 

It is obvious that platinous chloride could act as a reducing ‘ 
agent, but it is rarely employed for this purpose. 

Whenever platinum and gold are contained in a solution, together 
with other metals of Group II, precipitable by sulphuretted hydrogem, 
it is preferable to remove the gold, by means of oxalic acid (which 
does not reduce platinic chloride), before removing the platinum by 
evaporation with ammonic chloride. 

QUESTIONS AND EXERCISES. 

1. How is platinic chloride prepared ? Gtive an equation. 

2. How much metallic platinum is left when two grms. of PtS 2 are strongly 

ignited in a porcelain crucible ? 

3. How much Pt will be left, when 1’5 ^m. of 2AmCl,PtCl4 is ignited ? 

4. Calculate how much potassic platinic chloride ought to be obtained from 

•521 gmi. of KCl. 

5. How is platinous chloride prepared ? 

Separation of the metals arsenic^ antimony^ and tin^ whose suU 
phides are soluble in yellow ammonic sulphide^ or in sodic hydrate. 

The precipitate produced by the group-reagent is soluble in 
yellow ammonic sulpliide, or in sodic hydrate, and may consist of 
three sulphides. If the precipitate be of a dark brown colour, it 
may be inferred that stannous sulphide is present. If it be of a 
fine lemon-yellow colour, the presence of arsenious or stannic sul- 
phide may be inferred, if orange- coloured, antimony should be 
looked for. 

The three sulphides are unequally soluble in hydric ammonic 
carbonate. AS2S3 dissolves freely, 81182 very slightly, and Sb^Sa 
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is all but insoluble. On digesting, therefore, the precipitate with 
OOHoAmo, and filtering, arsenic is obtained in the filtrate, and 
antimony and tin are left in the residue. In order to separate the 
remaining two metals, the antimony is, for the most part, converted 
into antimonietted hydrogen, — tin does not form a gaseous compound 
with hydrogen. For this purpose the two sulphides are dissolved 
in hot hydrochloric acid, and the solution of the mixed chlorides 
introduced into a Marsh’s apparatus. Antimony is detected by the 
metallic deposit which antimonietted hydrogen gives on porcelain, 
insoluble in ClNao. Tin (antimony) is found in the generating 
flask deposited on the strips of zinc as a powder. The greyish-black 
metal is removed from the undissolved zinc, dissolved in hot hydro- 
chloric acid (by the aid of a little platinum foil), and the solution 
tested with mercuric chloride. A white precipitate of mercurous 
chloride, Hg, CI2, indicates the presence of tin. 

The separation of arsenic^ antimony^ and iln^ may thus he based 
upon — 

1. The soluhility of As^Sg in hydric aynmonic. carbonate, 

2. The formation of aodlmonietted hydroyen. 

3. The precipitation of tin by metallic zinc. 

A tabular scheme, embodying this method of separation, will be 
found in Table II in the Analytical Tables at the end of the book. 

Several other methods of recognizing and separating the metals 
tin, antimony, and arsenic, will readily suggest themselves, such as 
the one which is based upon: — 

• 1st. The oxidation of AS2S3, SboSa, and SnS by concentrated 
nitric acid ; and the conversion of the three oxides (by fusion with 
caustic^soda in a silver crucible) into sodic metantimonate, arsenate, 
and stannate. 

2nd. The insolubility of SbO-^Nao in cold water and alcohol 
(AsONaoa and SnONao2 being soluble). 

3rd. The conversion of AsOI^Taos and SnONao^ into ASgSa and 
SnS, by means of sulphurous acid and sulphuretted hydrogen. 

4th. The volatility of As^Sa, when heated in a current of dry 
SH2 gas, SnS being non-volatile. 

5th. The absorption of the volatilized As^Ss in a solution 
of sodic hydrate, oxidation by chlorine and precipitation as 
AsOAmoMgo". 

6th. The conversion of the non-volatile SnS into Sn02 by 
ignition in air. 


Another method is based upon ; — 

1st. The precipitation of arsenic and antimony in the form of 
sulphides, by boiling a hydrochloric acid solution of the three metals 
with sodic hyposulphite, tin remaining in solution. 

2ud. By boiling the precipitated ASgSs and SbsSs with hydric 
potassic sulphite and sulphurous acid ; AS2S3 is converted into 
potassic metarsenite, SbgSa remains undissolved. 
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A third method consists in : — 

Ist. Removing the AS 2 S 3 , by boiling with hydric sodic sulphite 
and sulphurous acid ; the other two sulphides are not dissolved. 

2nd. The oxidation of the undissolved Sb^Sa and S11S2 with 
concentrated nitric acid and boiling with tartaric acid ; SbaO^ is 
soluble, Sn 02 remains undissolved. 

A fourth method of recognizing arsenic, antimony, and tin is 
based upon : — 

1 st. The introduction of a solution (in HCl and KO 3 CI) of the 
three sulphides into a hydrogen apparatus, and passing the evolved 
arsenietted and antimonietted hydrogen through a solution of 
argentic nitrate ; the tin remains behind precipitated on the zinc. 

2nd. The solubility of the precipitated SoAga in tartaric acid, 
and precipitation of the antimony by means of sulphuretted 
hydrogen from a hydrochloric acid solution. 

3rd. The precipitation of the AsAgOs from the argentic nitrate 
solution by means of ammonia. 

A fifth method of recognizing the metals of Group IIb, depends 
upon : — 

1st. The insolubility of AS 2 S 3 in strong hydrochloric acid, SbsSa 
and SnS 2 being dissolved. The presence of arsenic is confirmed by 
fusion with potassic cyanide and sodic carbonate. 

2nd. The precipitation of the antimony on platinum by means 
of a strip of metallic zinc ; a black stain indicates antimony. 

3rd. Dissolving the tin precipitated on the zinc in warm dilute 
hydrochloric acid, confirming it by means of mercuric chloride. 


PRACTICAL EXERCISES AND QUESTIONS ON OROUP ^Tb. 

1. Sulpliiircttf d hydrogen produces a fine yellow precipitate, a portion of which 

is soluble in yellow amnionic sulphide. Wliat inference would you draw 
from this, and how would you examin? both the solution and the residuary 
yellow sulphide ? 

2. Describe several methods for separating As from Sb. 

3. Examine some green paper-hangings for As (Scheele’s green). 

4. Test a sample of commercial hydrochloric acid for As and Fe. 

5. Separate As from Sn in a solution of SnCL and AsoOa, containing *500 grm. 

of Sn, and *020 grm. of As. 

6. Analyse a solution containing *010 grm. of As and *100 grm. of Sb, by con- 

verting the two metals into the respective hydrogen compounds. 

7. You have given to you a hydrochloric acid solution containing *200 grm. of 

Sn and *020 grm. of Sb ; also a strip of zinc and a piece of platinum foil. 
Describe how you would separate the two medals. 

8. Test a sample of iron pyrites, FeS2, for arsenic, in the dry and in the wet way. 

9. A precipitate consists of Sb2S3 and AS0S3. Describe different methods 

of analysis, and state the possible causes of error inherent upon each 
method. 

10. Analyse a mixture of Sn02 and Sb204, both in the dry and wet way. 

11. You have given to you a solution containing potassic arsenite and arsenate. 

State how you would identify the two oxides of arsenic in the presence of 
each other. 


H 
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12. Test a solution of stannic chloride for stannous chloride. 

13. How can you detect traces of antimonic chloride in a solution of antimonious 

chloride? 

14. What are the changes which AB2S3, Sb2S8, and 8x182 undergo when they 

are treated with concentrated nitric acid and when the products of the 
oxidation are fused with caustic soda P 


Chapter VI. 

REACTIONS OP THE METALS OP GROUP I. 

This group comprises the metals silver, lead, and mercury in 
the form of mercurous compounds, which are precipitated by dilute 
hydrochloric acid. 


1. SILVER, Ag'. Atomic weight, 108. — This metal occurs 
native ; also as sulphide in silver glance^ SAg 2 , and in combination 
with antimony, as sulpho-salt in trisulphargentic orthosulphantimo- 
nite, or darJc red silver ore (pyrargyrite), SbAgSs; with arsenic as 
trisulphargentic sulpharsenite, in proustite, AsAgSs ; as chloride, 
AgCl, in horn silver, and other ores. 

EXAMINATION IN THE DRY WAY. 

Place a small quantity of powdered silver glance towards the 
middle of a hard glass tube (combustion tubing of about J inch 
internal diameter, cut with a sharp file into lengths of 5 to 6 inches, 
answers best). Heat the powder gradually by moving the tube 
about iq^ a Bunsen gas flame, and lastly, heat it strongly towards 
the centre. By holding the tube in a slightly slanting position, a 
current of air is made to pass over the ignited sulphide ; the sulphur 
becomes oxidized and is carried off as sulphurous anhydride, readily 
recognizable by its pungent odour. Metallic silver is left, together 
with a little argentic sulphate. 

Other volatile bodies, such as antimony, arsenic (selenium and 
tellurium), which are frequently present in pyritical silver ores, are 
likewise oxidized, but are, to a great extent, deposited as AS 2 O 3 and 
Sb 203 , in the cool part of the tube. 

Mix a little of the finely -powdered silver glance (or of the roasted 
ore) with sodic carbonate, and heat upon charcoal under the re- 
ducing flame of the blowpipe. A globule of bright metallic silver 
is left, which is, however, almost invariably contaminated with a 
little carbon. 

Silver ores which contain no other fixed element but silver, are 
reduced on charcoal to the metallic state by a simple fusion with 
sodic carbonate. Antimony and arsenic, if present, are readily vola- 
tilized as metals, before the reducing flame. The sulphur combines 
with the alkali metal. 

Silver ores which contain non-volatile metals, such as copper, 
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iron, etc., a« in a/rgentiferous fahl ore, and from which the metal 
silver conld not be eliminated before the blowpipe flame, are treated 
in the following manner: — 

Mix *100 grm. of the finely-powdered ore with its own bulk of 
pounded borax glass ; wrap it up in a small piece of assay lead in- 
troduce it into a cavity, made in a good piece of charcoal, and fuse 
under the reducing flame of the blowpipe, at first gently, and after- 
wards more strongly. The heat is kept up till the whole mass has 
resolved itself into a metallic button and a clear glassy borax bead, 
which does not adhere to the charcoal. Should the metallic button, 
on cooling, present a dull grey surface, indicative of the presence of 
antimony, it is next heated in the oxidizing flame, until, on cooling, 
it shows a bright, somewhat prismatic surface. It is then detached 
from the borax, cleaned by a blow with a hammer and carefully 
cupelled on some bone-ash (tricalcic phosphate, p 202 Cao" 3 ), pressed 
into a shallow cavity in a piece of charcoal, the surface being made 
smooth and thoroughly concave with the round end of a pestle. The 
button is thoroughly freed from borax, placed in the cupel and 
heated in the oxidizing flame. The lead is oxidized and absorbed by 
the porous bone-ash, forming a mass of fused litharge around the 
metallic bead. If one cupellation does not yield a brilliant white 
globule of silver, i,e., if the copper has not been entirely removed — a 
fact which is indicated by a black colour, instead of the pale yellow 
colour of the litharge, in the cupel — the cupellation of the button 
must be repeated in a fresh cupel, and the button, if necessary, 
re-melted with a small quantity of assay lead. The silver not being 
an oxidizable metal, is obtained in the metallic state. 

Small quantities of silver must he separated from lead (as well as 
^rom other metals), hy cupellation. 

Fuse some finely-powdered argentiferous galena^ PbS,SAg 2 (or 
PbAgS 2 ), on charcoal before the reducing flame of the blowpipe, 
either alone or with sodic carbonate. A bead of an alloy 
of much lead and very little silver is left. Expose this 
bead on a small cupel (Fig. 15) to the oxidizing action 
of the blowpipe flame. The lead is oxidized and absorbed 
by the cupel, metallic silver being left. 

Dried AgCl is mixed with dry CONao 2 , in a small mortar, 
transferred to the charcoal and heated in the reducing flame of the 
blowpipe. A button of metallic silver is left thus : — 

2Ag01 "b CONao2 ~ 2HaCl -b OO 2 “b O -b Ag2. 

REACTIONS IN THE WET WAT. 

For the reactions of silver in the wet way we employ a solution 

OF ARGENTIC NITRATE, N02AgO. 

HCl (sroup«rea»ciit), and soluble chlorides (NaCl, etc.), give a 
white curdy precipitate of arirentle chloride, AgCl, which turns 
violet on exposure to light. The precipitate is insoluble in water 
and dilute acids ; slightly soluble in concentrated nitric and hydro- 

* Lead free from silyer, prepared from plumbic acetate. 

H 2 
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chloric acids ; readily soluble in ammonic hydrate, potassic cyanide 
and sodic hyposulphite ; soluble also to a perceptible extent in con- 
centrated hydrochloric acid and in saturated solutions of alkaline 
chlorides, more particularly when heated, whence the dissolved 
argentic chloride is, however, reprecipitated on dilution with 
water. 

Collect the precipitated AgCl on a filter and dry over a sand-bath. Fuse a 
portion of the dried salt in a porcelain crucible over a small gas-flame. The 
white powder fuses j it undergoes a mere physical change, and leaves on cooling 
a hard mass, called horn silver. 

Place a small piece of zinc on the fused horn silver^ and add a drop of dilute 
hydrochloric acid and a little water. A voltaic action is set up between the 
metallic zinc and silver. The zinc removes the chlorine and leaves the metallic 
silver. The same action takes place when the white curdy precipitate of argentic 
chloride is brought in contact with strips of metallic zinc. 

This forms a convenient method of recovering silver from silver residues. 

NaHo or KHo precipitates argentic oxide, OAg,., in the form of 
a brown powder^ which, on strong ignition, gives off oxygen, and is 
converted into metallic silver. 

AmHo, when gradually added, precipitates argentic oxide, readily 
soluble in excess. 

SH2 prccij)itates Idarl’ ari^entlc (itulpliide, SAg^, from acid solu- 
tions ; insoluble in dilute acids, in alkalies, alkaline sulphides, and 
potassic cyanide ; readily soluble in dilute boiling nitric acid, with 
separation of sulphur. 

SAm2 (or any soluble sulphide) precipitates from neutral solu- 
tions black arpTcntlc sulphide. 

HI or KI gives a ydlouish precipitate of arg^entlc Iodide, AgT, 
insoluble in dilute nitric acid; almost insoluble in ammonic hydrate 
(distinction between AgCl and Agl). 

HBpor KBr gives a yellowlsh-^whlfe precipitate of argrentle 
bromide, AgBr, insoluble in dilute nitric acid ; difficultly soluble 
in ammonic hydrate; readily soluble in potassic cyanide, or sodic 
hyposulphite ; decomposed by concentrated hydrochloric acid, with 
evolution of bromine vapiour and conversion into AgCl. 

HCy or KCy gives a vdute curdy precipitate of argrentlc cyanide, 
-^gCy, soluble in excess of the reagent; insoluble in dilute nitric 
acid ; soluble in ammonic hydrate, but reprecij)itated by dilute nitric 
acid; soluble in sodic hyposulphite. The precipitate is decomposed 
by concentrated boiling nitric acid ; it is decomposed also when 
heated by itself in a porcelain crucible, to jjara cyan ide, metallic silver, 
and cyanogen gas (distix\ctjon from AgCl, Agl, and AgBr). 

Place a bright and clean strip of copper into a solution of 
argentic nitrate. The copper becomes rapidly covered with a 
lustrous coating of metallic silver, and the solution, after a time, 
gives no more precipitate with hydrochloric acid. The silver is 
deposited on the copper in the metallic state, and the solution 
contains now N2O4CU0" : an equivalent quantity of copper ( 63*5 
by weight of copper for every 216 of silver) having been dis- 
solved. 

Place a small globule of mercury info a concentrated solution of 
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argentic nitrate on a watch-glass. The globule of mercury becomes 
rapidly covered with a crystalline mass, resembling some vegetable 
growth, termed arhorescence. After a time the whole of the silver 
becomes removed from the solution, and the solution contains in the 
place of the argentic nitrate, mercuric nitrate, N 204 Hgo". Metallic 
silver is precipitated and forms with the mercury an amalgam 
which is crystalline. This crystalline mass is termed a silver tree 
(arbor Dlana^). 

Strips of the metals Zn, Fe, Sn, Sb, Pb may likewise be employed 
for the })recipitation of metallic silver. 

These changes illustrate the action of the more electropositive 
metals upon sedations of less electropositive metals, induced by vol- 
taic electricity. They come under the third class of chemical changes, 
viz., displacement of one elemeni by another elevient. 

Take a clear solution of one part of grape sugar and 6 — 8 parts 
of distilled water, and a somewhat dilute solution of argentic 
nitrate. Heat the latter in a test-tube, nearly to boiling, and add 
the grape sugar solution. The liquid becomes at once turbid, and a 
greyish- white powder of metallic silver falls to the bottom; or a 
yellowish- white metallic deposit forms on the sides of the test-tube 
which, on rubbing with a glass rod, shows bright streaks of metallic 
silver. The metallic silver can be filtered off and fused on charcoal, 


before the blowpipe, to a brilliant globule. 

The cause of the reduction of argentic salt must evidently be 
sought for in the grape sugar. We have seen that argentic oxide 
loses its oxygen readily on ignition. Certain organic substances, such 
as grape sugar, formic acid, and aldehyde, are known to combine 
eagerly with oxygen, and the OAgo (in two molecules of NOgAgo) 
parts with its oxygen and yields a deposit of metallic silver. 

This reactiou has fouinlan important practical application in the 
manufacture of looking-glasses, etc. 

The silver in the argentic nitrate is displaced by hydrogen from 
the organic bodies, nitric acid being left in solution, carbonic anhy- 
dride and water — the two ultimate products of oxidation of organic 


matter — being formed by the oxidation of the 


Ignite a few crystals of argentic acetate 


■ 


organic substances. 

CH, . . 

COAgo’ a covered 


porcelain crucible. Heat gently at first, and strongly, as soon as no 


more fumes are given off. A mass of frosted silver is left, having 


the shape of the original crystals. 


QUESTIONS AND EXERCISES. 

1. How is argentic nitrate prepared ? ^ 

2. Why do HCl, HI, etc., precipitate silver from its BolutionB ? 

3. What change takes place when silver glance is roasted in a tube ? 

4. How is Ag separated from Pb in the dry way ? 

5. Write out the equations for the reactions of silver in the wet way. 

6. Give the graphic formulae for silver glance^ dark red silver ore^ prousiite^ and 

fahl ore. 

7. How much NaCl will be required to convert 1*5 crm. of NOoAgo into 

AgCl.^ 
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8. A dilute solution of hydrochloric acid (containing *00366 grm. of the acid in 

one cubic centimetre of the solution) is precipitated with KO^Ago. 
How much AgCl by weight do we get from 160 c.c. of the acid solu- 
tion ? 

9. How much metallic copper is required to precipitate 1 grm. of argentic 

nitrate ? 


r OH 

10. What is the percentage composition of argentic acetate, how 

much silver will be left, when *451 grm. of acetate is ignited ? 

11. How is argentic nitrate converted into sulphate, and how much of the latter 

salt can be prepared from 10 grms. of argentic nitrate ? 

12. What change does AgCy undergo upon ignition ? 


2. LEAD^ Pb" and Atomic weight, 107. — Occurs in nature 
chiefly in combination with sulphur, as PbS", in galena ; also as 
CARBONATE, in lead spar or white lead ore, COPbo" ; as sulphate, in 

I 

lead vitriol, S 02 Pbo", in leadMllite, |^)^Pbo"Pbo", and in lanarhitc, 

CO 

gQPbo" 2 ; as OXYCHLORIDE in mendipite, PbCl2,2PbO, graphic 
formula : — Cl — Pb — 0 — Pb — O — Pb — 01 ; as phosphate and oxy- 
chloride, in pyromorphite, P 803 Pbo "4 

EXAMINATION IN THE DRY WAY. 

The principal blowpipe reaction consists in reducing lead com- 
pounds on charcoal to metallic lead, either by themselves, or in 
conjunction with sodic carbonate, or potassic cyanide, and in the 
yellow incrustation of oxide which they yield, which disappears 
when heated in the oxidizing flame, imparting a Hue colour to the 
flame. The change which takes place when galena is heated with 
sodic carbonate in a crucible, 'out of contact with air, is expressed 
by the equation : — 

7PbS + 4CONao2 = 4Pb + 3PbNas2 + S02Nao2 + 4002 ; 

Fusible slag. 

but when heated in contact with air, or in the presence of an 
oxidizing agent, such as saltpetre, the loss of lead in the Blag is 
avoided, thus : — 

PbN'as2 + 70 + CONao2 = Pb + 2S02Nao2 + COg. 

When galena is roasted in a glass tube open at both ends, it is 
converted into S02Pbo", PbO and SOg, thus : — 

(1) PbS + 04= S02Pbo''. 

(2) PbS + 03 = PbO + SO 2 . 

With borax and microcosmic salt, lead compounds give in the 
outer flame a clear yellowish glass (owing to the combination of the 
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PbO wifci the boric or phosphoric acid, and formation of a sodic 
plumbic borate or phosphate;, which is colourless when cold. 

All lead minerals, especially the antimonial sulpho-salts, houlangeritey Sb^Phsa, 
howrnonitey Sb5Pbs"2(Cu2S"2),'' jamesonite, Sb4S8Pbs''Pbs"2> fti^d argentiferous 
galena^ contain more or less silver, as may be ascertained by carefully cupelling 
the metallic button on charcoal (comp, silver, page 99 ) . 

The presence of antimony, arsenic, and sulphur reveals itself, when these ores 
are heated on charcoal (garlic odour and fumes of AsgOs, or Sb203),or in a glass 
tube open at both ends (white sublimate, fumes, and odour of S02)* 

REACTIONS IN THE WET WAY. 

For the reactions of lead in the wet way we employ either a 
SOLUTION OF PLUMBIC NITRATE, ? OT acetate ^ I ' ’ 

most other plumbic salts being insoluble in water. 

HCl (irroup-reagrent), or soluble chlorides give, with a not too 
dilute solution of plumbic salts, a heavy white precipitate of plumbic 
chloride, PbClo, soluble in much cold water, readily in boiling 
water, from which the plumbic chloride crystallizes out, on cooling, 
in fine needles ; less soluble in solutions containing dilute hydro- 
chloric or nitric acid. Ammonia converts it into a basic salt, of tho 
composition, PbHoCl {plumbic chlorohydrate), — a white powder 
almost insoluble in water. 

NaHo or KHo precipitates plumbic hydrate, PbHo2, soluble in 
excess of the reagent, especially on heating. The PbHo2 must be 
viewed as acting the part of a weak acid, on combining with the 
strong alkali base. 

AmHo precipitates a white basic salt, insoluble in excess. The 
precipitate forms only slowly in a solution of plumbic acetate. 

SH2 precipitates black plumbic sulphide, PbS, from acid solu- 
tions. If a large excess of hydrochloric acid be present,^ the pre- 

{ PbCl 

S , {diplnmbic sulpha- 

PbCl 

dichloride). On diluting considerably with water, a black precipitate 
is obtained. 

SAm2, or soluble sulphides, precipitate likewise black PbS, in- 
soluble in dilute acids, 'alkalies, and alkaline sulphides. Plumbic 
sulphide is soluble in hot dilute nitric acid, plumbic nitrate being 
formed, with separation of sulphur. Concentrated nitric acid con- 
verts it into SOsPbo" ; tho oxidation extends to the sulphur, as well 
as to the lead. 

S02Ho2, and soluble sulphates, precipitate white plumbic sul- 
phate, S02Pbo", almost insoluble in wate^, especially in the presence 
of excess of dilute sulphuric acid ; insoluble also in cold dilute acids, 
soluble in boiling hydrochloric acid, from which plumbic chloride 
crystallizes out on cooling ; soluble in potassic hydrate, and, lastly, 
readily soluble in concentrated solutions of certain salts, such bb 
sodic hyposulphite, ammonic acetate or tartrate, in the presence of 
excess of ammonic hydrate, from which solutions SO2H02, SAm2, or 
CrOaKoa, precipitate the lead again. Boiling with sodic carbonate 
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converts S02pbo" into insoluble COPbo''. Plumbic sulphate sepa- 
rates from dilute aqueous solutions only on the addition of alcohol 
(methylated spirit). 

Cr02Ko2 precipitates yellow plumbic chromate, Cr02pbo" 
{chrome yellow)^ readily soluble in potassic or sodic hydrate ; diffi- 
cultly soluble in dilute nitric acid, insoluble in acetic acid. 

CONao2, as well as COKo2and COAmo2, give a white precipitate 
of a basic carbonate {white leael), of varying composition, usually 
considered to contain Wo molecules of plumbic carbonate and one 

molecule of plumbic hydrate, viz., {trl'plumhlc 

dihydratc dimrhonaioi) , insoluble in water and in potassic cyanide. 

KI gives a yelloio precipitate of plumbic iodide, Pbl2, soluble 
in excess of the reagent; also sol able in much hot water, from which 
it separates on cooling in beautiful golden -yellow scales. 

KCy precipitates white plumbic cyanide, PbCy2, insoluble in 
excess, soluble in dilute nitric acid. 


Soluble phosphates, arsenites and arsenates, silicates, borates, oxalutes, tar- 
trates, citrates, ferro- and ferrlci/aniftes give prcci])itate8 with plumbie salts, which 
are insoluble in water, but soluble in dilute nitric acid. These precipitates 
possess, liowever, only a secondary interest. 

Metallic iron or zinc precipitates lead from its salts. This is seen very 
strikingly on dissolving a f(‘w ounces of plumbic acetate {sugar of lead) in dis- 
tilled water, with the addition of a little acetic acid, and suspending in the 
solution a piece of zinc from a thread. The zinc becomes covered with a 
beautiful crystalline deposit of metallic? lead, which increases rapidly, if the solu- 
tion be left uudisf urbed, and acquires the appearance of a branch of a tree 
(a/rhor Batumi). The metallic structure can be preserved for days in unaltered 
beauty. On removing the precipitjitcd lead from the piece of zinc, the latter is 
found much corroded and considerably diminished in size and weight. The lead 
may be collected on a filter and washed with water, dried and fused in a crucible, 
under ^ covering of borax, to a bright metallic button. A quantity of zinc, 
atomically equivalent in weight to the precipitated lead {i.e., 65 parts by weight 
of zinc for every 207 of lead) must have dissolved, and is found in the solution, 
in the form of zincic acetate. The atomic weights of Zn (65) and Pb (207) can 
be determined roughly, by weighing the metallic zinc, before and after immersion, 
as well as the precipitated lead. 

Heat a little red lead, Pb304,* in a small porcelain crucible or in a test-tube, 
to which a delivery -tube is attached. Oxygen gas is given off, which may be 
collected in the usual manner over water. The residue is dark yellow, and on 
cooling turns bright yellow. It consists of plumbic oxide, PbO {litharge), 
according to the equation : — Pb304 = 3PbO -H O. 

Treat a little Pb304 with dilute hydrochloric acid in a test-tube, and heat 
gently. A greenish-yellow gas comes off, and the red lead dissolves to plumbic 
chloride. The gas is readily recognized, by its odour, as chlorine : — 

Pb304 + 8HC1 = 3PbCl2 -H Clg 4OH2. 

Treat another portion of red lead with dilute nitric acid. The red colour 
changes to brown — the colour of plumbic dioxide, Pb02. The reaction is ex- 
pressed by the equation : — 

+ 4NOsHo = + pi,Oj + 20Hs. 


* The composition of commercial red lead is more correctly expressed by the 
formula Pb403. 
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Lead can thus combine either with one or two atoms of oxygen to form PtoO 
or PbOg; it can exist in the dyad or tetrad condition (Pb" and Pb^^) and red 
lead is obviously composed of two oxides, of Pb^'^02 + 2Pb"0. The plumbic 
dioxide in red lead yields the oxygen. It is written graphically ; — 


Pb‘^Pbo "2 = Pb<[^^Pb<(^ ^Pb (Tripliimbic tetroxide). 


The minerals plattnerite^ Pb02, and minium ^ Pb 304 , represent the corre- 
sj)oiiding natural oxides. 

It is evident from the above experiments, that lead occurs more frequently in 
the dyad than in the tetrad condition. 

SO 2 H 02 forms with PbO^ a sulphate, oxygen being given off. 

PbOi absorbs sulphurous anhydride abundantly, forming SO^Pbo". 

IIOl liberates chlorine from j)lumbic dioxide. 

Minium or red leady and the brown plumbic dioxide are powerful oxidizing 
agents. They furnish us likewise with ready means for preparing clilorine gas. 


QUESTIONS AND EXEBCISES. 

1. Calculate the percentage composition of plumbic acc'tate. 

2. How much oxygen by weight and by volume (at 0” C. and 760 mm.) can be 

obtained from 30 grms. of red lead I 

3. Write out the symbolic equations for the reactions of lead in the wet way. 

4. How can Pb be separated from Ag, in the wet way ? — Ist, by using hydro- 

chloric acid ; 2nd, potassic? cyanide ; 3rd, 8ul])huric acid, as a precipitant. 

5. Give graphic formula) for white lead^ red leady plumbic acetate, mendipitey 

plumbic chlorohydrate, plumbic nitrate and chromate, diplumbic sulpho- 
dichloride. 

6. How much HCl by weight will be required to det^ompose 10 grms. of red 

lead ; and how much chlorine gas will be evolved — 1st, by weight ; 2nd, by 
volume at O'’ C. and 750 mm. pressiire ? 

7 . How would you separate Pb and Sb in type metal ? 

8. Describe how you would analyse an alloy of 5 parts of lead, 3 |>*>rts of tin, 

and 8 parts of bismuth, a so-called allog melting at 98° C. 

9. Calculate the percentage composition of Pb 4 Sb (type-metal). 


3 . MERCURY. — (Mercurosum) 'HgV Atomic weight 2 X 

200 .— 

NO 

We employ A solution of mercurous nitrate, jjQ^Hgzo". 

HCl (irroup-reagrent), or soluble chlorides, give a white precipi- 
tate of mercurous chloride, 'Hg'2Cl2 (calomel) y which is insoluble in 
dilute acids and is blackened by KHo or AmHo, the latter con- 
verts it into 'Hg'20 and mercurosamrr^onic chloride, NH2'Hg'2Cl. 
Mercurous is converted into mercuric chloride by the addition of 
clilorine water. Concentrated hydrochloric acid converts it, upon 
long-continued boiling, into HgCl2 and grey metallic mercury. 

Nitric acid oxidizes it readily into HgCU and evalu- 

tion of nitrous fumes. Dry 'Hg'^CU sublimes unchanged. 

NaHo or KHo gives a black precipitate of mercurous oxide, 
'Hg' 2O, insoluble in excess. 
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AmHo prodaces a hlach precipitate of basic fUmercurosammonlc 
nitrate by the sabstitution of for 2 atoms of hydrogen in two 
of Amo, thus : — 

+ 4 AmHo = NA'Hg',o"[JJ|;'Hg', 0 ,]'' 

Basic dimercurosammonic nitrate* 

+ 2 N 02 Amo + 3OH2. 


The precipitate is insoluble in excess. 

SH2 precipitates hlach mercurous sulphide, 'Hg'2S,’*^ insoluble in 
excess or in dilute acids ; soluble in aqua regia or in yellow potassic 
sulphide. When boiled with concentrated nitric acid, the second 

NO 

atom of mercury in 'Hg'2S is converted into j^Q^Hgo", and a white 


compound of mercuric nitrate and sulphide 


NOaOHgN 
» N 020 Hg/ 


formed. 

SAm2 produces the same black precipitate. 

A clean strip of metallic copper precipitates from mercurous 
solutions metallic mercury, cupric nitrate being left in solution. On 
gently rubbing the greyish deposit with a piece of wash-leather, the 
surface becomes bright and shining like silver. The more electro^ 
positive metals^ Cu, Cd, Zn, Fe, Pb, Bi, precipitate the less electro^ 
positive metal Hg. 

SOH02, S02peo", or SnCl2 produces a grey precipitate of 
metallic mercury. On decanting the liquid and boiling the grey de- 
posit with hydrochloric acid, distinct metallic globules are obtained. 
The changes may be expressed thus 


4. 

j[J2*Hg*o" + SOHo* + OH 2 = 2Hg + 2NO*Ho + SO^Ho*. 
3j}^*Hg,o" + 6SO,Feo" =-6Hg + 2(SO03Fe*o^ + (NOOeFe^o^. 


+ SnCl, + 2HC1 = 2Hg + SnCl 4 + 2NO,Ho. 


Mercurous salts act thus the part of oxidizing agents, when 
coming in contact with more powerful reducing agents : a property 
which in conjunction with the reducing action which they exert under 
favourable circumstances, proves clearly that the double atom 'Hg'2 
possesses but little chemical aflSnity for other elements, and that the 
compomds which it, forms are rather unstable, 

♦ This compound appears to be a mixture of mercuric sulphide and mercury, 
as is shown by the ready action which concentrated nitnc acid has upon it. 
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QUESTIONS AND EXERCISES. 

1. Write out the graphic formules of calomel^ mercurous nitrate, mercurous 

oxide, mercurosammonic chloride, basic dimercurosammonic nitrate. 

2. Write out equations for the reactions which mercurous compounds give in 

the wet way. 

8. How can mercurous chloride be converted into mercuric chloride? Give 
equations. 

4. How much calomel can be manufactured from 20 lb. of metallic mercury ; 

and how much SO 2 H 02 and NaCl by weight will be required ? 

6. Explain the action of met^lic mercury upon mercurous nitrate. 

6. What is the action of boiling nitric acid upon mercurous sulphide ? 

7. In what manner can mercuric and mercurous chlorides be distinguished from 

each other by the reactions in the dry way ? 

8. State under what conditions mercurous salts play the part of oxidizing, or 

that of reducing agents. 

A method of separating the metals of Grroup I will readily sug- 
gest itself, and a tabular analytical scheme may be drawn up without 
much difficulty, if we bear in mind : — 

1st. The solubility of PbCh in boiling water. 

2nd. The solubility of AgCl in AmHo. 

3rd. The conversion of the Hg 2 Cl 2 into.blach NH 2 'Hg 2 'Cl by the 
action of AmHo. 

Table I in the Analytical Tables at the end of the book embodies 
this method of separation. 


Before proceeding to the study of the reactions for acids, the 
student will do well to tabulate according to some such scheme as 
the one given on p. 52, the knowledge gained of all the rnetallic 
oxides and hydrates^ sulphides^ carbonates^ neutral as well as basic, 
etc., and to commit the reactions to memory. 

He will also gain much precise information by working out in a 
tabular form and illustrated by equations : — 

(1.) The solubility of all the metals hitherto treated of — 

(a.) In dilute and concentrated hydrochloric acid. 

(6.) In dilute and concentrated nitric acid. 

(c.) In dilute and concentrated sulphuric acid. 

(d.) In aqua Begia. 

The information given in my Introduction to Inorga/nic Chemistry^ 
III Ed., pp. 96, 101 and 102, 117,118, 119 and 120, should be con- 
sulted, as well as that found in this worki under each metal. 

(2.) The solubility of the metallic oxides and sulphides obtained 
by double decomposition in the wet way, in the different acids, in 
caustic alkalies, and in alkaline sulphides. 

PRACTICAL EXERCISES AND QUESTIONS ON GROUP I. 

1. Test a sample of galena for silver in the diy way. 

2. Analyse a sample of ruhg silver in the dry and in the wet way. 
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3. You have given to you some precipitated argentic chloride, dilute HCl, and 

a strip of metallic zinc. How would you prepare pure metallic silver ? 

4. Analyse a solution, containing *010 grm. of Ag, as NO^Ago, ‘100 grm. of Hg, 

as and 010 grm. of Pb, as N 204 Pbo". 

5. Describe what takes place when a solution of argentic nitrate, containing 

about *010 grm. of Ag, is added to a hot saturated solution of KCl. 

6. You have given to you a mixture of red lead and calomel. What takes place 

when the mixture is treated with HCl ? 

7. Analyse a mixture (about *050 grm.) of white arsenic and corrosive sublimate, 

both in the dry and wet way. 

8. Tost a commercial sample of baric chloride for lead. 

9. Test a sample of white lead paint for im]mritie8, insoluble in dilute nitric^ 

acid, and examine the acid filtrate by the respective group-reagents. 

10. Prepare some pure N 02 Ago from an alloy of coi)pcr and silver. 


Chapter VII. 

REACTIONS OP THE ACIDS. 

,A. Inorganic Acids. 

CARBONIC ANHYDRIDE, CO 2 . — Occurs in ilie atmosphere 
and in mineral waters. In the combined state it forms a constituent 
of many minerals, called carbon a tes, wdiich have for the most part 
been enumerated, in speaking of the natural compounds in which 
the different metals occur. 

REACTIONS IN THE DRY WAY. 

On ignition some carbonates undergo changes, others remain 
unch.xnged. The carbonates of the fixed alkali metals are not de- 
composed by the strongest heat. At very high temperatures they 
are somewhat volatilized. The acid carbonates of the alkalies are 
reduced by heat to normal carbonates, with evolution of CO 2 . The 
carbonates of all other meCals are decomposed more or less readily 
into oxides (or metals), carbonic anhydride (and oxygen) being 
given off. Baric and strontic carbonates require the strongest white 
heat for their decomposition ; calcic carbonate requires a strong red 
heat. All the others are readily decomposed on heating. The 
evolved carbonic anhydride is a colourless and almost odourless gas, 
heavier than air, and can be poured from one vessel into another. 
When poured or passed into a test-tube containing lime- or baryta- 
water, a white precipitate is obtained, owing to the combination of 
the carbonic anhydride with the caustic alkaline earthy bases. 

REACTIONS IN THE WET WAY. 

All normal carbonates may be divided into — 

1st. Carbonates which are soluble in water, consisting of the 
carbonates and bicarbonates of the alkali metals and pos- 
sessing an alkaline reaction. 
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2 iid. Carbonates which are insoluble in water, a few of which are, 
however, soluble in carbonic anhydride, with formation of 
acid carbonates, such as the carbonates of Ba, Sr, Ca, Mg, 
Fe", Mn", but are reprecipitated on boiling. 

All carbonates are decomposed by dilute acids, — organic or 
mineral (with the exception of HCy and SH2). The decomposi- 
tion is marked by strong effervescence and evolution of C 02 . (A 
few native carbonates, such as spathose iron ore, and dolomite, 
require the application of heat.) On passing the evolved gas into 
a solution of caustic lime or baryta, the carbonic anhydride becomes 
once more fixed, and the formation of a white precipitate (soluble in 
excess of the gas with formation of acid carbonates) confirms the 
presence of CO2. 

Metallic sulphites, sulphides, and nitrites are likewise decomposed by dilute 
acids wdth evolution of a gas ; but the evolved SO^, or gases are 

readily recognized by tlieir characteristic odour or colour. In order to recognize 
OO2 in the presence of SO2 or SH2, the gaseous mixture is first passed into a 
solution of an alkaline chromate mixed wdth an acid, or into bromine water, or a 
solution of a cupric or ferric salt, and then through lime- or baryta-water. 


QUESTIONS AND EXERCISES. 

1. How would you prove experimentally the presence of carbonic anhydride, 

Ist, in spring water j 2nd, in atmospheric air ; 3rd, in white load ; 4th, in 
coal gas ? 

2. Classify all metallic carbonates according to tlieir respective deportment, Isf , 

on ignition ; 2n(l, on treatment with water ; 3rd, in contact with excess 
of CO2. Q-ive examples. 

3. What change takes place when tartaric acid and hydric j)ota8sic carbonate 

are mixed together? 

4. Which is the most (diaracteristic reaction for CO2? 

5. How would you recognize the presence of CO2 in a gaseous mixture, ontain- 

ing SO2 and CO2, or Silo and CO3 ? 

6. How much CO2, by weight and by volume, can be obtained from 1'235 grm. 

of COCao" ? 

7. What change takes place, Ist, when a curaent of CO2 is passed through cold 

water in which finely divided chalk is suspended ; and 2nd, when the 
liquid is heated to boiling, subsequent to the passing of the gas ? 

8. Explain the occurrence of COo in mineral w^aters and in atmospheric air. 

9. Explain the efl'cet of boiling upon most spring waters. 

10. What is the usual composition of boiler deposits, and how would you propose 
to prevent them ? (Comp. p. 19.) 


SULPHURIC ACID^ SO2H02. — This is one of the most 
powerful acids, for it is capable of displacing, in the wet way (with 
few exceptions), all other acids from saline compounds. It forms 
with bases a series of very important salts, — the sulphates, most of 
which have already been enumerated in treating of the natural com- 
pounds of the various metals. 

REACTIONS IN THE DRY WAY. 

On heating a sulphate on charcoal, in the reducing flame. 
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together with CONao2 (free from sulphate), sodic sulphide is 
formed thus: — 

SOaMgo'^ + 20 4- OONao2= SNa, + MgO + SOOs. 

The fused mass gives off SH2, when treated with a strong acid 
(HCl), readily recognized by its odour. When placed on a bright 
silver coin and moistened with a drop of water, it produces a black 
stain of argentic sulphide. This reaction applies, however, to all 
sulphur acids, without exception, and it is impossible to prove 
thereby the presence of SO2H02 any more than that of some other 
(lower) oxide of sulphur. 

Heated by themselves, the sulphates of the fixed alkalies and 
alkaline earthy metals, as well as of lead, are not decomposed. 
Acid sulphates (SO2H0K0, etc.) are converted at a bright red heat 
into normal sulphates, with evolution of strong sulphuric acid. 
Other metallic sulphates become decomposed more or less speedily 
on ignition, giving off sulphuric or sulphurous anhydride and 
oxygen, according to the nature of the metal, e,g , : — 

2802^^60 ~ 1*6203 “h SO3 "h SO2. 

S 02 Cuo^^ — CnO “h SO2 "b 0 . 


REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSic SULPHATE, SO2K02, may be employed. 

Sulphuric acid forms normal and acid sulphates, which are 
mostly soluble in water, the exceptions being baric, strontic, calcic, 
and plumbic sulphates. (A few basic sulphates are insoluble in 
water, but soluble in acids.) 

or N204Bao" gives a white finely divided precipitate of 
baric sulphate, S 02 Bao", insoluble in dilute acids. Care must be 
taken not to have too much free hydrochloric or nitric acid present, 
lest any of the baric salts be precipitated : baric chloride and nitrate 
being much less soluble in stiong acids than in water. If a very 
dilute solution of a sulphate has to be precipitated, the solution 
should be heated to boiling, and allowed to stand for some time 
after the addition of the baric salt. 

This reaction distinguishes SO2H02 from all other acids, except hydro- 
fluosilicic acid, 2HF,SiF4, and selenic acid, Se02Ho2, which also form baric salts, 
insoluble in acids. 

Soluble salts of strontium, calcium, and lead produce white precipitates of 
strontic, calcic, and plumbic sulphates, which are more or less soluble in 
large quantities of water ; S02Cao" being the most soluble (in about 500 parts 
of water), S02Sro" dissolving in 7,000 parts of cold water, and S02Pbo" in 22,000 
parts of water only. 

Since barrio salts answer every purpose, recourse is rarely had to these 
reactions in order to detect sulphuric acid. The addition of alcohol (methylated 
spirit), ensures the complete precipitation of strontic, calcic, and plumbic sul- 
phates. Most soluble sulphates can, in fact, be precipitated from their aqueous 
solutions by the addition of strong alcohol. 

In order to detect free sulphuric acid, by itself, or in the presence of a sulphate, 
the solution is evaporated to dryness on a water-bath, together with a little cane 
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Bu^r. A blackened or charred residue indicates free sulphuric add, as no other 
acid is capable of decomposing cane sugar in like manner. 

An insoluhle sulphate can be decomposed by continued boiling 
with a concentrated solution of an alkaline carbonate : more readily, 
however, by fusion with alkaline carbonates (fusion mixture), into 
a soluble alkaline sulphate, and an insoluble carbonate or oxide of 
the metal, thus 

S 02 Bao" + CONaoKo = S 02 NaoKo + COBao' . 

S 02 Pbo” + CONaoKo = S 02 NaoKo + PbO + CO2 

The fused mass is extracted with boiling water, and the insoluble 
carbonate or oxide separated by filtration from the soluble alkaline 
sulphate. The residue is examined as usual for base, and the solu- 
tion for sulphuric acid, by acidulating with dilute hydrochloric acid 
(in order to destroy the excess of alkaline carbonates), and adding 
baric chloride. Calcic sulphate dissolves in ammonic sulphate and 
a little AmHo ; plumbic sulphate in ammonic acetate or t^rate, or 
in sodic hyposulphite. 

QUESTIONS AND EXERCISES. 

1. Classify all metallic sulphates according to their solubility in water. 

2. How are metallic sulphates detected in the dry way ? 

3. Explain the action of heat upon the different metallic sidphates. 

4. How is free sulphuric acid detected ? 

6. Describe shortly in what manner S02Bao", S02Sro", S02Cao", and 
S 02 pbo" differ from each other with regard to their solubility in water, 
and their respective deportment with various other solvents. 

6. How are insoluble sulphates examined qualitatively ? 

7. 1*648 grm. of a sample of soda-ash yielded *234 grm. of S02Bao" ; what is 

the percentage of sodic sulphate in the ash P 


SULPHUROUS AClUj SOH02. — Obtained as gaseous an- 
hydride, SO2, whenever sulphur is burnt in air or oxygen, or when 
metallic sulphides {pyrites, hlende, galena, etc.), are roasted with 
free access of air ; also by the partial deoxidation of sulphuric acid 
by means of metals, such as Cu, Hg, Ag, of charcoal and various 
organic bodies, of sulphur, etc. The gas is readily soluble in water, 
forming sulphurous acid, which com&nes with bases, and forms a 
series of salts, normal or acid, termed sulphites : compounds strongly 
characterized by the tendency which they exhibit to absorb oxygen 
and to become converted into sulphates. This property causes 
sulphurous acid, or metallic sulphites, to be of considerable inte- 
rest. 

REACTIONS IN THE DRY WAT. 

Sulphurous anhydride is recognized by its characteristic odour, 
the odour of burning sulphur. It combines readily with metallic 
peroxides, such as Mn02, Pb02 with formation of manganous and 
plumbic sulphates. In order, therefore, to remove SO2 from a 
gaseous mixture, the latter is usually passed over Pb02. 
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Many solid sulphites are decomposed by heat into sulphates and 
sulphides, thus : — 

4SOIfao2 = 3S02Nao2 + SNag. 

The earthy sulphites break up, on heating, into oxides and sul- 
phurous anhydride. 


REACTIONS IN THE WET WAY. 

A SOLUTION OF sODic SULPHITE, SONao2, Hiay be employed. 

Sulphites are examined by liberating sulphurous anhydride by 
means of strong sulphuric or hydrochloric acid, the gas being readily 
recognized by its characteristic pungent odour. 

The only sulphites soluble in water are the alkaline sulphites. 
Normal baric, stroutic, calcic, and magncsic sulphites are insoluble 
in water, but are dissolved to a great extent, by a solution of sul- 
phurous acid, with formation of acid sulphites, from which the 
normal salts are reprecipitated on boiling. They arc also soluble in 
dilute hydrochloric acid (with partial decomposition) ; but on the 
addition of an oxidizing agent, such as chlorine water, free iodine, 
sodic hypochlorite, nitric acid, etc., they are immediately precipitated 
as insoluble sulphates (S02Mgo" excepted). 

Sulphites generally contain sulphates. A precipitate consisting 
of baric sulphate is, therefore, frequently obtained on adding baric 
chloride to an acidulated solution of a soluble, or to a dilute hydro- 
chloric acid solution of an insoluble sulphite. 

On filtering off the precipitate, and adding chlorine water to the 
filtrate, a further precipitate is obtained, showing the presence of a 
sulphite. 

Traces of sulphurous acid are distinj^uished with dillicultj bj the odour alone, 
and it A preferable, therefore, to make use of the deoxidizing, as well as oxidizing 
action which the acid can exert. 

1. Sulphurous acid acts as a powerful reducing agent. 

N02Ago gives with sodic sulphite a white precipitate of arfrentfe sulphite, 
SOAg02, soluble in excess of the alkaline sulphite. The precipitate blackens on 
heating, owing to the separation of metallic silver, and conversion of the 801102 
into SO2H02, according to the equation : — 

SOAgOo + OHo = Ag 2 + SO2TT02. 

N204Hg2o" produces a grey precipitate of metallic mercury, thus : — 
SOHgoo" + OII2 = Hg2 + SOoIToo. 


The instances of the reduc^ing action of sulphurous acid are very numerous j 
we need only refer here to its action upon solutions of AuCls, Cr02Ho2, 
Fe2Cl6, and others, already noticed under the respecitive metals. 

2 . Under favourable circumstances sulphurous acid acts as an oxidhing agents 
especially when brought in contact -with other more powerful reducing agents, 
such as nascent hydrogen, SHo, SnCl2, etc. TliUs, by introducing the least trace 
of SOH02, or a sulphite, into a flask, in which hydrogen is generated from zinc 
and hydrochloric acid, SH2 is immediately evolved, together with the hydrogen, 
and may be recognized by its odour and action upon lead paper. The change is 
expressed as follows : — 

SO2 4 3H2 = SHg + 20n2. 
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SO 2 and SH 2 give rise to the formation of pentathionic acid, witli precipi- 
tation of white sulphur, according to the equation : — 


r SOoHo 

5SO3 -H 5SH2 - i S3 + Sfi + 4OH3. 

L ao^Tio 

Pentathionic 

acid. 

Sulphurous acid added to stannous chloride in the presence of hydrochloric 
acid, gradually precipitates yellow SnSo. The hydrogen of the hydrochloric 
acid acts as the reducing agent, and is detached from the chlorine by the simul- 
taneous action of the SnCl 2 and SO 2 , the one eager to combine with chlorine, 
the other capable of yielding oxygen to the hydrogen, to form water, and ulti- 
mately sulphur, to form SII 3 , which in its turn acts upon the stannic chloride, 
SnCl 4 , (or SnCL), to form yellow stannic sulphide, SnS 2 (or brown SnS). 
The following equations express the changes : — 

(1) SOH 02 + 3SnCl, + 6H01 = 3SnCl4 -H SHa + 30H.,. 

(2) SnCl, + 2 SH 2 = SnSa + 4HC1. 

Yellow 

stannic sulphide. 


QUESTIONS AND EXERCISES. 

1. Describe different methods o preparing sulphurous atihydride. 

2. How would you prepare normal aud acid potassic sulphite ? 

3. What is the action of heat upon sulphites ? 

4. Which sulphites are soluble and which are insoluble in water ? 

5. Gtive illustrations of the reducing action of sulphurous acid or of soluble 

sulphites. 

6. Explain under what circumstances sulphurous acid can act os an oxidizing 

agent ; give instances of such action. 

7 . How would you distinguish sulphurous in the presence of sulphuric acid ? 

8. What changes take place when a mixture of dipotassic dichromate aifd sodic 

sulphite is treated with concentrated IICl ? Give equations. 

9. How would you fix the sulifiiurous acid produced by the combustion of ca. - 

bon disulphide contained in coal gas ? 


HYPOSULPHUROUS ACID, SSOH03 (sulpho^sulphuric 
add .) — This acid has never been obtained in the free state. Com- 
bined with soda it forms an important salt, viz., sodic hyposulphite 
(the hypo, of the photographer), obtained by boiling a solution of 
sodic sulphite with sulphur, or by the oxidation of an alkaline per- 
sulphide in contact with the air. ^ 

REACTIONS IN THE DRY WAY. 

All hyposulphites are decomposed on ignition. Alkaline hypo- 
sulphites leave a polysulphide and a sulphate, thus : — 

4(880X002) = 85X02 -h 8802X002. 


Others yield sulphites or sulphates, with evolution of sulphurous 
anhydride, owing to the oxidation of a portion of the sulphur. 

I 
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REACTIONS IN THE WET WAY. 

A SOLUTION OF soDic HYPOSULPHITE, SSONaoj, is employed. 

Most hyposulphites are soluble in water (baric hyposulphite is 
difficultly soluble in cold water), and their solutions may, with few 
exceptions, be boiled without decomposition. Calcic hyposulphite 
is gradually decomposed on boiling, the precipitate consisting of 
calcic sulphate and sulphur. The same decomposition takes place 
more speedily when hyposulphites are treated with sulphuric or 
hydrochloric acid. Sulphurous anhydride is evolved with separa- 
tion of sulphur. The precipitated sulphur is yellow, and not white, 
as is usually the case when sulphur separates in chemical reactions. 
This change characterizes hyposulphites. 

The same instability of the sulphur atom, occupying the place 
of an atom of oxygen in sulphuric acid,* is observed, when hyposul- 
phites come in contact with salts, whose metals form with sulphur 
insoluble sulphides. 

N02Ago gives a white precipitate of argentic hyposulphite, 
SSOAg02, soluble in sodic hyposulphite, which speedily turns 
yellow, then brown, and lastly black (SAg2), especially on the 
application of heat, thus : — SSOAg02 + OH2 = SAg2 + SO2H02. 

Mercurous nitrate and plumbic acetal e give similar precipitates, 
which are decomposed by heat into Hg2S or PbS, and sulphuric 
acid. 

S11CI2 gives a brown precipitate of SnS. 

Hyposulphites, like sulphites, are readily oxidized^ but yield under 
certain conditions oxygen to more powerful reducing agents, and 
become thus oxidizing agents. 

Free chlorine, sodic hypochlorite, ferric chloride, etc., oxidize hyposulphites 
complejply to sulphates, even in the cold, thus : — 

SSONaog + 4 CI 2 + 5 OH 2 = 2SOoHoNao + 8HC1. 

SSO]Srao 2 + 4ClNao 4- OHg = 2S02HoNao + 4NaCl. 

SSONao2 gives with re2Cl6 at first a reddish-violet coloration (difference 
BETWEEN SULPHITES AND HYPOSULPHITES), but on standing, the solution is 
slowly decolorized (more rapidly on heating), with formation of FeCl2, thus : — 

SSONaog + 4Fe2Cl6 + SOHs = 2S02HoNao -I- SFeClg + 8HC1. 

Nascent hydrogen reduces hyposulphites to sulphides, which evolve with the 
acid sulphuretted hydrogen ; — 

SSONaos + 4 H 2 + 2HC1 = 2 SH 2 + SOKs + 2NaCl. 

Sodic hyposulphite is a useful solvent for AgCl (hence its application in photo- 
graphy), HfiTsClj and S02Pbo". Calcic hyposulphite, SSOCao", has also found 
an interesting application, as an agent for removing the last traces of chlorine in 
the bleaching of paper pulp, and from fabrics bleached by means of bleaching 
powder, to prevent their deterioration by the traces of chlorine which they are 
apt to retain. It has on that account received the name of antichlor. The free 


* Recent investigations (Deut. Chem. Ges. Ber., vii, p. 646) render it pro- 
bable that the composition of hyposulphites is not SSORa>, but SOoRb,Ro (R » 
monad metal). 



HYDROSULPHURIC ACID. 115 


liydrochloric acid which is formed in the reaction is neutralized bj passing the 
fabrics through a weak alkaline bath. 

The property of sodic hyposulphite of dissolving AgCl has found an important 
metallurgical application in the removal of silver from poor argentiferous ores, 
after they have undergone the process of roasting with common salt, which con- 
verts the silver into AgCl, insoluble in water. 


Besides the three oxygen acids of sulphur just described, there 


are 


r so Ho r 

others, such as dithionlc, < trilhionic, < S , tdra-^ 

L»u,hLo |sO,Ho 

ids^< i 

u 


SO2H0 rsOjHo 

thionic, < S2 and p&htatJiionic acidsj< S3 , which occur but 

LSO2H0 [SO^Ho 

rarely, and resemble one another considerably in their reactions. 
Their consideration must be reserved for a more extensive course of 
study. 


QUESTIONS AND EXERCISES. 

1. How is sodic hyposulphite prepared ? 

2. How would you prepare ferrous, aluminic, chromic, and manganous hypo- 

sulphite’s ? 

3. How are hyposulphites affected by ignition ? 

4. Wliat change takes place, when a solution of calcic hyposulphite is boiled, 

1st, by itself, 2nd, when it is treated with IICl ? 

5. Explain the action of sodic hyposulphite upon jdumbic, nrgentic, mercurous 

and stannous salts. 

6 Give instances, Ist, of the reducing action, and 2nd, of the oxidizing action 
of hyposulphites. 

7 . Explain the term antichlor. 

8. State what application sodic hyposulphite has found in jjhotography and m 

, metallurgy. 

9. Give graphic formulae for siilphosulphuric, dithionic, trithionic, tetrilHiionie 

and pentathionic ^w^ids. 

10. How would you separate baric hyposulphite from baric sulphate ? 


HYDROSULPHURIC ACID, SH2. -Obtained as a colour- 
less gas by the decomposition of certain metallic sulphides, such as 
FeS, ZnS, Sb.jSa, by means of sulphuric or hydrochloric acid. It 
is characterized by a most fcotid odour, resembling that of rotten 
eggs. It is absorbed by cold water, forming sulphuretted hydrogen 
water or hydrosulphuric acid, which reddens blue litmus-paper 
feebly. Hydrosulphuric acid exchanges its sulphur for the oxygen 
of most metallic oxides, both in the dry and wet way, forming water 
and metallic sulphides. It is on this account a most valuable 
reagent. Many of the native sulphides, e.^., iron galenn, 

cinnabar^ zinc blende, are met with in vast masses. 

REACTIONS IN THE DRT WAY. 

Metallic sulphides are acted upon in various ways, when sub- 
mitted to heat. Some are decomposed, when heated in a close 
vessel, into metal and sulphur, e.g,, AU2S3 ; some sulphides, such 
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as PtS2, FeS2, SbaSs, 81182, PbS yield up a portion of their 
sulphur and are reduced to PtS, Fe3S4, SbgSs, SnS, Pb^R ; others 
sublime without decomposition, such as AS2S3 (orpiineMt), HgS 
(cinnahar). The greater number of metallic sulphides remain, 
liowever, undecomposed, when heated out of contact with atmo- 
spheric air. 

Most sulphides undergo a change, when roasted in a tube open 
at both ends. SAga leaves metallic silver (usually also a little 
S02Ag02), the sulphur by combining with oxygen, passes off as 
SO2 ; some sulphides leave a metallic oxide, e.r/., SnS, Sb2S3, 
31283; others again, such as the sulphides of the alkalies and 
alkaline earthy metals, are converted into sulphates. Plumbic 
sulphide {galena) is converted into a mixture of oxide and sulphate ; 
cupric sulphide, when roasted at a high temperature, yields SO2 
and CuO ; at a lower temperature SO2CU0". FeS and other sul- 
phides of the iron group are partially converted into sulphates, 
which on the application of a stronger heat, lose their acid, leaving 
metallic oxides. Many na.tive metallic sulphides are distinguished 
for their metallic lustre, such as iron and copper py rites ^ galena, grey 
antimony. The presence of a metallic sulphide cannot, however, be 
inferred conclusively from the evolution of SO2, since earthy sul- 
phites are broken up, on ignition, into oxides and sulphurous 
anhydride. 


REACTIONS IN THE WET WAY. 

Alhdine and alJ^aline earthy sulphides are soluble in V'oter (CaS 
and Mgs are only sparingly soluble). Dilute hydrochloric acid 
decomposes them readily into metallic chlorides and SHo. All other 
sulphides are insoluble in uniter. Several of the latter, such as FeS, 
MnSj^'ZnS are decomposed by dilute hydrochloric acid with evolu- 
tion of sulphuretted hydi-ogen. Others require concentrated hydro- 
chloric acid, such as NiS, CoS (difficultly soluble), Sb.Sa, SnSg, 
PbS. Sulphides which are insoluble, or difficultly soluble, in concen- 
trated hydrochloric acid, such as BigS:^, CuS, SAga, PbS, AS2S3, are 
decomposed by concentrated nitric acid ; they are generally oxidized 
into sulphates — at first with separation of sulphur which, by pro- 
longed digestion, is for the most part converted into sulphuric 
acid. Others, such as HgS, PtSa, AU2S3. (AS2S3) dissolve in aqua 
regia, or hydrochloric acid and potassic chlorate, wUh separation of 
sulphur and formation of SO2H02, and of a metallic chloride. On 
dissolving PbS, 81182, 8b2S3, AS2S3, in concentrated nitric, instead 
of hydrochloric acid, they are con vei ted principally into 802Pbo", 
8n02, 8 b 204 , AS 2 O,. 

To detect 8H2 {in an aqueous solution) or a soluble sulphide (a 
solution of 8Am2 may be conveniently employed), add a solution of a 
salt of cadmium, lead, or silver, which gives by double decomposition 
a characteristic precipitate of a metallic sulphide : fine yellow for 
cadmium, black for plumbic or argentic salts. 

To analyse a sulphide decomposable by hydrochloric acid, the 
evolved sulphuretted hydrogen gas is made to act upon lead paper 
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or is passed through a solution of a plumbic salt. {I rou. pyrites, 
FeSa, and copper 'pyrites, CUaSjFeaSj, give off SHa only in the 
presence of hydrochloric acid and zinc). 

Sulphides 'which are 'not decomposed hy hydrochloric acid, yield 
sulphur on treatment with nitric acid or aqua regia, and must be 
recognized by this and the products of decomposition, such as 
SnOa, SOaPbo", as well as the reactions which they give, when 
examined in the dry way. 

Many native sulphides, sucli as fahl ore, etc., are expeditiously examined by 
heating the finely -powdered mineral in a hard glass tube, in a current of dry 
chlorine gas, when the metals are converted into clilorides and the sulphur into 
volatile chloride of sulphur, which is decomposed on being passed into water. 

To detect a soluble alkaline sulphide in the presence vf free SII2, add a few 
drops of a solution of sodic nitroprusside. This reagent does not allect free 
SH2, but gives a fine purple colour with the merest traces of soluble sulphides. 
The colour disappears only after some time. It does not show in the presence of 
free caustic alkalies. 

A mixture containing a soluble alkaline sulphide, hyposulphite, fiulphite, or 
sulphate may be examined by adding COCdo" to the aqueous solution. Filter, 
dissolve the excess of COCdo” in the precipitate by means of dilute acetic aeitl ; 
a residue of yellow CdS indicates the presence of an alkaline sulphide. Add to 
the filtrate BaClg ; a precipitate is obtained, consist ing of SOoBao" and SOBao". 
Filter ofi* j digest the precipitate with dilute hydrochloric acid, and filter. A 
white residue show^s the presence of an alkaline sulphate. Add chlorine w ater to 
the filtrate; a precipitate of SOoBao" indicates the presence of' an alkaline sul- 
phite. The filtrate from the BaCl2 preci])itate is searched for SSOHog by the 
addition of HCl and boiling. A precipitate of yellow sulphur and the odour of 
SO2 indicates the presence of a hyposulphite. 

To remove SH2 from a gaseous mixture of COj and SII3, add a solution of 
cupric chloride and shako up wdth the ga.ses. 


QUESTIONS AND EXERCISES. • 

1. Explain the changes which lake place when hydrosulj^huric acid is passed 

through saline solutions, the metals of which form insoluble sulphides. 
Q-ive instances. • 

2. Explain the action of heat upon the diHercnt metallic sulpliides. 

3. Which sulphides are soluble and which are insoluble in water ? 

4. Explain how certain sulphides are affected by dilute hydrochloric acid, and 

how by concentrated hydrochloric acid. Oive characteristic instances, 
and express the changes by equations. 

5. Describe the most delicate reaction for gaseous SHo. 

6. What is the action of nitric acid upon ZnS, PbS, CuS, SnS, Sb2H3 ? 

7. How would you prove the presence of an alkaline sulphide, hyposulphite, 

sulphite, and sulphate in an aqueous solution ? 

8. State how you would separate SII2 and CO2 co||itained in a gaseous mixture. 

9. How can you prove the presence of SH2 in coal gas ? 

10. 10 litres of un purified coal gas yielded *235 grm. of CdS. What is the 

percentage of SIJ2 in the gas ? 

11. *650 grm. of galena gave *532 grm, of SOaPbo". What is the percentage of 

Pb and of S in the galena ? 

12. What change takes place when PtSa, SbaS^, PeS^, AB2S3, and HffS are 

heated with exclusion of air ? 

13. How would you test for SH2 in sewer gases ? 

14. How would you detect sulphur in pig iron ? 

15. Explain the action of chlorine, bromine, and iodine upon SHj ? 

16. How is sulphur detected in organic compounds, such as coal ? 
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NITRIC ACID^ NO2H0. — Obtained as a colourless, highly 
corrosive, volatile liquid, of a deep yellow colour when it is mixed 
with nitrous acid. It is characterized by the facility with which 
it parts with its oxygen, and it is this property of which we avail 
ourselves invariably, when nitric acid or a nitrate has to be detected. 

REACTIONS IN THE DRY WAT. 

Most nitrates fuse readily when heated. All are decomposed 
when exposed by themselves to a high temperature. The decomposi- 
tion varies with the nature of the base : a lower oxide of nitrogen 
and oxygen being generally given off. Thus ammonic nitrate, 
NOgAmo, breaks up into ON2 and OH2 ; potassic or sodic nitrate 
into nitrite (always contaminated, however, with nitrate and caustic 
alkali) with liberation of oxygen, and ultimately, on the application 
of a stronger heat, into oxide or peroxide — nitrogen and oxygen 
being given off ; others, such as plumbic nitrate, into O and N2O4, 
leaving the oxide of the metal. When heated together with bodies 
eager to take up oxygen, such as carbon (charcoal, alkaline cyanides, 
etc.), sulphur or phosphorus, the decomposition becomes explosively 
violent, and nitrogen gas only is left as the remnant of the molecule 
N2O6. (Chlorates explode in like manner, but leave metallic chlo- 
rides.) 

REACTIONS IN THE WET WAY. 

With the exception of a few basic salts, nitrates are readily 
soluble in water ; hence nitric acid cannot be tested in the usual 
"way, by producing precipitates by way of double decomposition. 
When acted upon by various reducing agents, the deoxidation of 
tlie acid may be jjartial (accompanied by the evolution of lower 
oxides^of nitrogen) or cowjjlete (nitrogen only being left) ; in which 
case the nascent nitrogen is capable of combining with hydrogen in 
the nascent state to form ammonia. 

1st. Reaction IS in which nitric acid is reduced to lower oxides of 
nitrogen. 

A SOLUTION OF NITRIC ACID OR OF POTASSIC NITRATE, NO2K0, may 
be employed. 

NO2H0 (or NOoKo) is decomposed when heated with concen- 
trated hydrochloric acid (or a chloride when heated with nitric 
acid). Chloronitric gas,* N2O2CI4, is evolved, and the liquid acquires 
the power of dissolving gold-leaf or platinum foil, which are not 
soluble in single acids. (Chlorates, bromates, iodates, chromates, 
and permanganates evolve chlorine when treated with hydrochloric 
acid ; they dissolve gold or platinum, but give off no N2O2.) 

Add to a dilute solution of ferrous sulphate cautiously its own 
volume of concentrated sulphuric acid (free from nitric acid), and 
allow the mixture to cool ; then add gradually a solution contain- 
ing a nitrate. A ring is seen to form at the point of contact of the 

* From the recent investigations of Tilden (Chem. Soc. Joum., July, 1874, 
p. 634) it appears that Qay’Lassac's K2O3CI4 gas is a mixture of uitrosjl mono- 
chloride, NOCl, with varying quantities of chlorine. 
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two layers, of a violet, red, or dark brown colour, according to 
the quantity of the nitrate present. The coloration is increased by 
carefully shaking up the fluid, but it disappears on heating. This 
is owing to the formation of a transient compound of the ferrous 
salt with N2O2, consisting of four molecules of the salt with one 
molecule of nitric oxide ( 4 S 02 Feo",No 02 ). The other three atoms 
of oxygen from two molecules of nitric acid oxidize six molecules of 
ferrous into three molecules of ferric sulphate, S 306 Fe 20 ^^ This con- 
stitutes one of the most delicate reactions for nitric acid. The 
change may be expressed thus : — 

10 SO 2 Feo" + 3SO2H02 + 2NO2H0 = SS^OfiFeaO^* 

+ 4S02Feo",N202 + 4 OH 2 . 

A Bolution of a nitrate, when added to a solution of indigo in sulphuric acid 
(sulphindigotic acid), changes the blue colour of the indigo to yellow. (Free 
chlorine and other oxidizing agents bleach indigo likewise) . 

Metallic copper (Ag, Zn, Pb, or Hg) is dissolved by nitric acid 
with evolution of ruddy fumes, and by potassic nitrate on the addi- 
tion of sulphuric acid. 

A similar reaction takes place, when copper filings are mixed with a nitrate 
and hydric potassic sulphate and fused in a test-tube or crucible. 

Minute quantities of nitrates found in mineral waters, in rain 
water, or water draining from arable land, may be detected by first 
reducing the nitrate to nitrite. This is effected by heating the solu- 
tion for some time with a little zinc amalgam. On filtering and 
adding to the filtrate a solution of ferrous salt, a dark brown colora- 
tion is obtained ; or by adding a drop of a solution of potassic iodide, 
some freshly prepared cold starch solution, and a little acetic (or 
very dilute sulphuric) acid, a fine blue precipitate of iodide oi starch 
is produced, thus : — 

2NOK0 + 2 KI + 2SO2H02 = N2O2 -h 2SO2K02 + 12 + 2OH2. 

• 

This reaction is exceedingly delicate. 

2 nd. Reactions in which nitric acid is entirely reduced^ emd its 
nitrogen cmiverted into ammonia. 

All nitrates when fused with caustic potassa, lime, or soda-lime, 
and some non-nitrogenous organic substance, such as sugar or starch, 
evolve ammonia, thus : — 

6NO2K0 + I8KH0 + CiaHosOu = I2COK02 + 6NH3 + IIOH2. 

Sugar. « 

The gas may be readily recognized by its odour, or action upon 
red litmus paper. 

Nascent hydrogen, produced by the action of KHo upon metallic 
zinc, iron, or aluminium, gives rise, in the presence of a nitrate, to 
the formation of ammonia, thus : — 

( 1 ) Zn + 2 £TIo = Z11K02 + 02* 

( 2 ) NO2K0 + 402 = N03 + K 0 O +* 2002. 
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When stannous chloride, hydrochloric acid, and a nitrate are 
heated together, the tendency of the stannons chloride to combine 
with two more atoms of chlorine to form stannic chloride, aided by 
the oxidizing action of nitric acid upon the hydrogen, breaks up 
hydrochloric acid, with formation of stannic chloride and ammonia, 
thus : — 

4SnC]2 + NO 2 K 0 + lOHCl = 4SnCl4 + NH4CI + KCl + SOH*. 

To detect free nitric acid in the presence of a nitrate, evaporate the solution 
on a water-baj.h with quill cuttings or white woollen fabrics. Nitric acid colours 
these substances yellow. Or digest the solution at a gentle heat with COBao", 
filter off and test the filtrate for barium by means of sulphuric acid. 


QUESTIONS AND EXERCISES. 

1. Explain what changes take place when nitrates are heated by themselves. 

2. State what action takes place when ferrous, cuprous, and mercurous chlorides 

are heated with nitric acid. 

3. Why can the metals Cu, Pb, Ag, be employed for tlie detection of nitric acid 

or a nitrate ? 

4. Explain what changes take place when a solution of potassic nitrite, potassic 

iodide, starch, and dilute sulphuric acid are mixed together. 

5. How can ammonia be obtained from a nitrate ? Describe several processes. 

6. How would you test for nitrates in a soil, in sewage water, in mineral 

waters ? 

7. How much ferrous sulphate (SOHojFeo" + 6aq.) is required for the complete 

decomposition of 1 grm. of pure potassic nitrate ? 

8. Calculate how much nitre is required to deflagrate, 1st, 1*5 grm. of sugar, and 

2nd, *5 grm. of sulphur. 

9. How is free nitric acid detected in the presence of a nitrate ? 


NIl'ROUS ACID^ NOHo. — Both the acid and anhydride are 
marked by their pronenessjto undergo decomposition in the presence 
of water, into nitric acid and nitric oxide. 

REACTIONS ”lN THE DRY WAY. 

Nitrites fuse and are decomposed on ignition into oxides, with 
evolution of nitrogen and oxygen. Ammonic nitrite (NO Amo) 
breaks up when heated, into nitrogen and water. Mixed with 
carbon, potassic cyanide, sulphur, and other oxidizable bodies, 
nitrites deflagrate like nitrates, with which they have, in fact, most 
of the dry reactions in common. 

REACTIONS IN THE WET WAY. 

All nitrites are soluble in water; argentic nitrite, NO Ago, 
although readily soluble in hot water, is difficultly soluble in cold 
water (300 parts), and serves for the preparation of pure nitrites, 
by double decomposition with neutral soluble chlorides. Dilute 
acids liberate N 2 O 2 and convert a portion of the nitrite into nitrate, 
thus : — 

BNOKo 4* SO2H02 ~ N2O2 "4" NO2K0 *4" SO2K02 4" OH2. 
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The reactions by which the presence of nitrous acid can be 
readily recognized, may be divided into two classes : — 

1st. Readions in which the acid acts as an oxidizing agent : — 

SH2 decomposes aqueous solutions of alkaline nitrites, with formation of 
N2O2 (of NHs when the reaction goes on for some time) and alkaline sulphides, 
thus : — 

2 NOE:o + 2SH2 = N2O2 + 2OH2 -f S2K2. 

In acid solutions the decomposition is accompanied by a copious separation 
of sulphur. 

FeCl2, on the addition of a little hydrochloric acid, is turned dark brown, it 
a nitrite be present, owing to the absorption of gas by a portion of the 

unoxidized ferrous salt. On the application of heat N2O2 is evolved, thus ; — 

2reCl2 + 4HC1 + 2NOKo = 'Fe.fih + 2KC1 + N2O2 + 2OH2. 

N0(NH40) breaks up, on the application of heat, into N and OH2, the hydro- 
gen of the NH4 acting as the reducing agent. Nitrites containing fixed bases are 
decomposed in like manner, on the addition of ammonic chloride (or some other 
ammonic salt), thus : — 

COAmoa + 2NOKo = N4 + 4OH2 + COK02. 

KI and starch solution give in the presence of a nitrite and a dilute acid blue 
iodide of starcli. (See under HI, p. 133). 

When a dilute solution of a nitrite — say a polluted well-water — is added to a 
cold saturated solution of sulphate of diamidohenzoic acid and the nitrous acid 
liberated with a few drops of dilute acid (SO2H02), the solution acquires an 
intense yellow colour. As little as ^ mgi*. of N2O3 diffused in one litre of water 
can thus readily be discovered. 

2nd. Reactions in which the acid acts as a reducing agent, and is 
converted into nitric acid, tbus: — 


2NOHo -I- O2 = 2NO2H0, 


AuCls and Hg:2Cl2 give metallic gold and grey metallic mercury. 



acid (SO2H02, HCl), and the permanganate elution is rapidly decolorized. 

0x20^X02 is reduced under similar conditions to a chromic salt. Nitrates 
are not affected by pot^assic permanganate or alkaline chromates. 

Pb02 converts NOHo into NO2H0 ; but does not act upon dilute NO2H0 
(distinction between nitrous and nitric acid). 

QUESTIONS AND EXERCISES. 

1. Explain the changes which take place when N2O4 is acted upon by KHo. 

2. Explain what takes place when nitrites are heated, 1st, by themselves ; ?nd, 

in contact with carbon or sulphur. 

3. How can NOKo be separated from NO2K0 ? 

4. What is the action of dilute sulphuric acid upon NOKo ? 

6. Give instances, 1st, of the oxidizing, and 2nd, of the reducing action of 
NOHo ; and express the changes by equations. 

6. What are the products of decomposition of strongly ignited N'204Pbo", 

N0(NH40), and NOKc ? 

7. How can a trace of a nitrite be detected in the presence of a nitrate ? 

8. Explain the action of concentrated N’02Ho, Ist, upon starch, 2nd, upon 
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NO 

9. How would you prepare pure jj-Q^ao" ? 

10. Explain the action of heat upon a solution of ^Q^ao" and AmCl. 


HYDROCHLORIC ACID, HCl.— Gaseous hydrochloric 
acid is readily absorbed by water, and forms then one of the most 
useful acids. Chlm^ides are among -the most important chemical 
compounds. They diflPer considerably in their physical properties. 

REACTIONS IN THE DRY WAY. 

Some chlorides arc liquid and can be distilled without decom- 
position, such as SnCh, SbCl 5 ; SbCla is a soft grey crystalline 
fusible solid which distils at 225"" C. ; others are solid, fusible and 
non-volatile at a moderate heat, such as AgCl, PbCh, BaCl^, KCl, 
NaCl. Upon ignition certain chlorides, such as AuCh, PtCh, are 
decomposed with evolution of chlorine gas, first into AuCl, and 
PtCl-i, which are almost insoluble in water, and finally into Au and 
Pt. Magnesic chloride is decomposed by heat, in the presence of 
water, into magnesic oxy- chloride, Mg 20 Cl 2 , with elimination of 
2HC1. Anhydrous ferric chloride, when heated in contact with 
air, is decomposed into Pe 203 and SCh. 

Heated in a bead of microcosmic salt, saturated with cupric 
oxide, chlorides impart a blue colour to the outer flmie, owing to the 
formation of volatile CuCh. 

When a dry chloride is mixed with dipotassic di chromate and 
concentrated sulphuric acid, and gently heated in a small retort, a 
deep brownish-red gas, called cbloroeliroinic acid, CrO^Ch, comes oft, 
which condenses to a like-coloured liquid, and can be collected in a 
receiver. The reaction which takes place is expressed by the 
equation : — 

4NaCl + Cr206Ko2 -h SSOaHog = 2Cr02Cl2 + 2SOaNao2 

Chlorochromic acid. 

“h SO2K02 “h 3OH2. 

This liquid is speedily decomposed, on diluiion with water, into 
chromic and hydrochloric acids, thus : — 

OrOaCh -h 2 OH 2 = Cr02Ho2 + 2HC1; 

or by aqueous ammonia or potassic hydrate into the corresponding 
salts. The presence of chromic acid, and indirectly of hydrochloric 
acid, is inferred from the yellow precipitate which a plumbic salt 
produces with their solutions. This reaction is employed for re- 
cognizing a chloride in the presence of a bromide. The latter yields 
bromine when treated similarly, and a colourless solution of 
NH4Br. 

The presence of an iodide, yielding free iodine, would give rise 
to the formation of explosive black insoluble iodide of nitrogen^ on 
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the addition of NH;,; the reaction can, therefore, only be performed 
after the previous removal of the iodide. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF sODic CHLORIDE is employed. 

All chlorides may be divided into : — 

1st. Chlorides insoluble in water^ such as A^Cl and HgjChi 
which are quite insoluble; PbCh, soluble in 135 parts of cold 
water, readily soluble in boiling water ; and CUaCb, almost insoluble 
in water and in dilute sulphuric acid ; soluble in ammonia, HCl 
and NaCI solutions. AuCl and PtCh, are almost insoluble in water. 

2nd. Chlorides which are soluble in water, comprising all other 
chlorides. The majority of the chlorides of the most powerfully 
basilous metals, as K, Na, Ba, etc., are less soluble in aqueous 
HCl, than in OHo. 

The chlorides of the less basilous metals (with the exception of 
Hg and Ag) are decomposed by water, with formation of free acid 
and metallic oxides, ex. c/r. AsCh, or of some insoluble oxychloride 
(SbCla, BiCla), soluble, however, in excess of HCl. 

In order to ascertain the presence of a soluble chloride, or of 
hydrochloric acid, we have merely to add a soluble argentic, mer- 
curous or plumbic salt, when a white precipitate is produced. The 
first of these salts answers every purpose, nnd is therefore invariably 
employed to detect hydrochloric acid or a metallic chloride. 

NO^Ago gives a wh ite curdy precipitate of ari^entic chloride, AgCl, 
especially from a solution acidulated with dilute nitric acid. The 
precipitate turns violet on exposure to light. It is insoli^ble in 
dilute nitric acid ; soluble in ammonic hydrate, but is reprecipitated 
unchanged, on the addition of nitric acid ; it is likewise soluble in 
potassic cyanide and sodic hyposulphite ; soluble to a considerable 
extent in alkaline chlorides, from which AgCl is reprecipitated on 
dilution. Argentic chloride fuses without undergoing decomposi- 
tion, to a horn-like mass, called hornsilver, when gently heated. 

Chlorides are detected also by heating with a little black man- 
ganic oxide and concentrated sulphuric acid, when chlorine is 
evolved according to the equation : — 

]VIii02 "h 2]SraCl + 2SOaHo2 = CI 2 + S02Mno^^ -}- S02Nao2 

+ 2OH2. 

This gas is readily recognized by its characteristic odour and 
bleaching properties, its yellowish-green eolour, and its action upon 
iodized starch paper, or upon a dilute solution of potassic iodide and 
freshly prepared starch solution, giving rise to the formation of blue 
iodide of starch. 

Concentrated sulphuric acid liberates gaseous hydrochloric acid 
from chlorides, thus : — 

2NaCl + SO 2 H 02 = S02Nao2 + 2HC1. 

HgCl), IIg 2 Cl 2 , AgCl, PbCh, SnCh, and SnCU) are decom- 
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posed, with diiHSculty only, or not at all, by concentrated sulphuric 
acid. 

In order to effect the decomposition of insoluble chlorides, such 
as AgCl, Hg 2 Cl 2 , and PbCh, they are mixed with fusion mixture, 
perfectly free from alkaline chlorides, and heated in a porcelain 
crucible. The chlorine is thereby transferred to the alkali metals, 
and may be readily detected by means of argentic nitrate in the 
aqueous extract, after acidulating with dilute nitric acid. The 
same may be effected also by galvanic action, by bringing the solid 
chlorides into contact with metallic zinc, when soluble ZnCh is 
formed. 

Traces of free HCl, in the presence of a soluble chloride, are best detected by 
gently heating with Mn 02 or PbO^, and passing the evolved chlorine into a 
solution of ]X)ta8sic iodide and starch. The chlorine liberates iodine (2KI + 
CI 2 « 2£C1 + I 2 ), which forms with the starch blue iodide of starch. 


QUESTIONS AND EXERCISES. 

1. How are the several solid chlorides acted upon by heat ? 

2. How is chlorochromic acid prepared ? 

3. Classify all chlorides according to their solubility in water. 

4. Describe the most characteristic tests for chlorine, as well as for hydrochloric 

acid or chlorides. 

5. How are insoluble chlorides examined ? 

6. How would you detect free HCl in the presence of a metallic cliloridc? 

7. Explain the action of distilled water, of chlorine water, ammonic hydrate, 

potassic cyanide, sodio hyposulphite, and sulphuric acid upon AgCl, 
Hfir 2 Cl 2 , and PbCl 2 . 

8. You have given to you 100 c.c. of a liquid containing free HCl and a solu- 

tion of sodic chloride. 50 c.c. of the liquid gave 2' 345 grms. of AgCl. 
After evaporation and ignition of the other 50 c.c. the residue yielded on 
precipitation with argentic nitrate 1-59G grm. of AgCl. What is the per- 
centage of HCl and of sodic cliloride in the liquid ? 


CHLORIC ACID, ^ OHo ’ — Obtained in combination with 

calcium, by passing chlorine through a solution of calcic hydrate 
and potassic carbonate to complete saturation. To a concentrated 
solution of the calcic chlorate, formed according to the equation : — 

fOCl 

6CaHo, + 6C1, = |®Cao" + SCaCl, + 60H„ 

{oci 

add a solution of potassic chloride, when calcic chloride and potassic 

chlorate, | qKo’ formed by double decomposition. Potassic 

chlorate, being little soluble in cold water, and still less so in a 
solution of calcic chloride, crystallizes out, and is washed with cold 
water and purified by recrystallization. 
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REACTIONS IN THE DRY WAY. 

All chlorates are decomposed by heat; they fuse and evolve 
oxygen, or a mixture of chlorine and oxygen, according to the 
greater or less affinity of the metal for oxygen or chlorine, leaving 
a residue, consisting of a metallic chloride, oxychloride, or oxide. 

On heating a few crystals of potassic chlorate in a test-tube, the 
presence of oxygen can be shown by introducing a glowing splinter 
of wood into the test-tube. On dissolving the fused mass in water, 
and adding a drop of argentic nitrate, a white curdy precipitate is 
obtained, whilst a solution of a x>ure chlorate (unigiiited) gives no 
precipitate. 

Chlorates part with their oxygen far more readily, upon ignition, 
than nitrates. When mixed with oxidizable substances, such as C, 
S, P, or KCy, they explode violently, even when gently rubbed 
together in a mortar, or when moistened with a drop of concen- 
trated sulphuric acid. Care should, therefore, be taken to powder, 
or heat together, only very small quantities of a chlorate and organic 
substances. 

REACTIONS IN THE WET WAY. 


A SOLUTION OF POTASSIC CHLORATE may be employed. 

All chlorates are soluble in water. In order, therefore, to detect 
chlorates, we avail ourselves of their powerful oxidizing action, and 
their leaving for the most part a chloride on ignition. Strong 
hydrochloric and sulphuric acids decompose chlorates, with evolu- 
tion of chlorine and formation of lower oxides of chlorine. 

Concentrated sulphuric acid decomposes potassic chlorate even 
in the cold, a greenish-yellow gas, called chloric peroxide, O4CI2, 
comes off, which is recognized by its suffocating odour. On the 
application of heat (especially on operating with somewhat large 
quantities) violent explosions occur. A few small crystals only of 
the chlorate should, therefore, be employed, and the test-tube should 
be held with its mouth turned away from the operator. The change 
may be expressed by the equation 


3 


{ 


OCl 

OKo 


roci fOci 

+ 2SO3H02 = 2SO2H0K0 + < 0 4- O2 + OH*. 

1 OKo 1 OCl 


Potassic Chloric 
perchlorate, peroxide. 


HCl, especially when heated, decomposes potassic chlorate, 
giving off a mixture of chloric peroxide ^nd free chlorine, called 
euchlorine, thus : — 


, ;oci 


roci 

...err.. + 90% + 8KC1 -h I 2 OH 2 . 


A solution of indigo (sulphindigotic acid) is decolorized on the 
addition of a solution of a chlorate and a little sulphuric acid, by a 
reaction analogous to that produced by free nitric acid. 

Perchlorates are more stable than chlorates. Concentrated sul- 
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phuric acid fails to decompose perchloric acid in the cold and with 
difficulty only on heating. (Distinction from chloric acid.) Hydro- 
chloric, nitric, and sulphurous acids do not decompose aqueous 
solutions of perchlorates, nor is indigo solution decolorized. All 
perchlorates are soluble in water, most of them freely. Potassic 
perchlorate is sparingly soluble in water, insoluble in alcohol. 

In order to distinguish a nitrate from a chlorate^ dissolve a small portion 
of the two salts in wat-er, and add a few drops of argentic nitrate to make sure 
that no chloride is present. Ignite another portion strongly till the evolution of 
oxygen ceases ; allow to cool, and dissolve out with hot water. To one portion of 
the solution add a few drops of dilute nitric acid, and then argentic nitrate. A 
white curdy precipitate indicates the presence of a chloride, and, indirectly, of a 
chlorate. To the other portion of the solution add potassic iodide and starch 
solution, and then a few drops of acjetic acid ; a blue coloration of iodide of starch 
proves the presence of a nitrite, derived from the potassic nitrate. 

If a chloride he 'present ^ as well as a chlorate and nitrate^ a solution of argentic 
sulphate must be added to the solution, as long as a precipitate comes down. The 
AgCl is filtered off, and the filtrate evaporated to dryness, with the addition of a 
little pure sodic carbonate, and the residue strongly ignited. The dry mass is 
extracted with a little boiling waf er, filtered, and argentic nitrate added to a por- 
tion of the acidulated (NO 2 H 0 ) solution, as long as a precipitate comes dowm. 
The remaining portion is tested for nitric acid, either by the iodide of starch 
reaction, or by means of a ferrous salt and sulphuric acid. 

QUESTIONS AND EXERCISES. 

1. State briefly how potassic chlorate is prepared. 

2. Describe the changes which potassic chlorate undergoes on ignition. 

3. Explain the action — 1st, of concentrated sulphuric acid ; 2nd, of concentrated 

hydrochloric acid upon potassic (dilorate. dive equations. 

4. How can a chlorate bo detected in the presence of a (‘bloride ? 

5. How can a nitrate and a chloride be recognized in the presence of a 

chlorate ? 

6. Introduce some strips of metallic copper into a mixt ure of potassic chlorate, 

arSenious acid and hydrochloric acid, and explain why no precipitate of 
metallic arsenic is obtained on the copper. 


HYPOCHLOROUS ACID, ClHo.-The salts which this 
acid forms possess considerable interest, on account of the powerful 
bleaching action which they exert in the presence of acids. Of im- 
portance are the sodic and calcic hypochlorites, which are obtained 
along with the corresponding chlorides,* by passing chlorine m the 
cold through a solution of the carbonates or hydrates. An im- 
portant compound closely related to the hypochlorites is the calcic 
chlorohypochlorite (a constituent of chloride of lime or bleaching 
powderf), which appears to be formed according to the equation : — 

CaHo2 + CI2 = Ca(OCl)Cl + OH^. 

* In the case of the monad metals the body R'20Cl2 is a mere mixture of ClRo 
and RCl, whilst the calcic compound seems to be a definite compound of ChCao" 
and CaCla = 2Ca(OCl)Cl. 

t The actual composition of tliis important body is usually expressed by the 
formula :—Ca(0Cl)Cl,Ca0,20H2, requiring 32*42 p.c. of chlorine, more accu- 
rately, however, by that of Oa(OCl)Cl,OaHo 2 , which requires 35*32 p.c. of 
chlorine. 
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Hypochlorites a«re gradually decomposed on exposure to air 
(owing probably to the action of the carbonic anhydnde contained 
in air). Dilute acids liberate chlorine, and it is on this account 
that hypochlorites are of such great value as disinfectants and 
bleaching agents. 


REACTIONS IN THE DRY WAY. 

Hypochlorites are converted into chlorates (which give off oxygen 
when ignited), and chlorides, thus : — 


f OCl 

6Ca(OCl)Cl = I^Cao" + 5CaClj. 
1 OCl 


REACTIONS IN THE WET WAY. 


We employ a solution of calcic or sodic hypochlorite, 
ClNao. 

All hypochlorites are soluble in water. Their aqueous solutions 
bleach vegetable colours. On heating or evaporating dilute solu- 
tions of hypochlorites, they are decomposed into chlorides and 
chlorates, concentrated solutions into chlorides and oxygen. Dilute 
hydrochloric acid decomposes them with evolution of chlorine. 
(Distinction between hypochlorites and chlorates.) Hypochlo- 
rites yield oxygen to readily oxidizable substances, and become 
converted into chlorides ; the detection of hypochlorous acid is 
based upon the various processes of oxidation to which its salts can 
give rise, thus : — 


AS2O3 

MnCb 

PbO 

PbS 

rcoHo 

ICOHo 


is oxidized to AS2O5. 

„ „ MnO,. 

» PbOo. 

„ „ SOaPbo". 

„ 2CO2 -h OH*. 


Indigo or litmus is readily decolorized. 




QUESTIONS AND EXERCISES. 

1. Give the graphic formula for calcic clilorohypochlorite. 

2. GKve illustrations of the oxidizing action of hypochlorites. Express the 

changes by equations. ^ 

3. How is bleaching powder prepared ? 

4. Explain the bleaching action of an aqueous solution of a hypochlorite. 

5. Wliat change takes place — Ist, when a hypochlorite is ignited by itself j 2ndly, 

when a concentrated solution of a hypochlorite is boiled ? 

6. Explain the deodorizing action of hypochlorites when brought in contact with 

SH*, SAm*, PH3, NH3. 

7. How can a hypochlorite be distinguished in the presence of a chloride ? 

8. A sample of bleaching powder contains 26*6 per cent, of chlorine. How much 

As^Os by weight will be required to deoxidize (“ dechlorinize **) 1*285 
grm. of the bleaching powder ? 
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HYDBOBROMIC ACID, HBr. — The element bromine occurs 
in nature mainly in combination with the fixed alkalies and the 
metals of the alkaline earths (calcium, magnesium), forming salts, 
called bromides, which resemble the chlorides of the same metals 
very closely, and from which we derive both bromine and hydro- 
bromic acid. 

REACTIONS IN THE DRY WAY. 

Most bromides remain unaltered when ignited ; others are vola- 
tilized without decomposition. AuBra and PtBr4 are decomposed 
upon ignition into metal and bromine, which latter volatilizes. Many 
bromides are acted upon, when ignited with free access of air, and 
are converted into oxides and free bromine ; others again, such as 
Al2Bro, etc., are decomposed, on evaporation of their aqueous solu- 
tions, into oxides and hydrobromic acid. KBr and NaBr are con- 
verted, to a great extent, into KCi and NaCl, on repeated ignition 
with ammonic chloride. When fused withhydric potassic sulphate, 
bromides are .decomposed into sulphates, with evolution of sul- 
phurous anhydride and bromine. The few insoluble bromides of 
the heavy metals are converted into soluble alkaline bromides by 
fusion with alkaline carbonates. 

Heated before the inner flame of the blow -pipe on a bead of microcosmic salt, 
in which a little cupric oxide has been diffused, bromides impart a blue colour to 
the flame, which passes into greeny especially at the edges. This distinction 
between chlorides and bromides is, howeyer, not very marked, 

REACTIONS IN THE WET WAY. 

A SOLUTION OF POTASSIC BROMIDE, KBr, may be employed. 

All metallic bromides can be divided into : — 

1 st. Bromides which are insohihle in water ^ such as AgBi-, 
'Hg' 2Br.2, PbBr2 (less soluble in water than PbCh), and — 

2 nd. Bromides which are soluble in water ^ comprising all other 
bromides. 

Certain bromides, e.g.y SbBra, BiBrg, are decomposed by water 
into insoluble oxybromides and hydrobromic acid. They resemble 
in this respect the corresponding chlorides. 

In order to detect hydrobromic acid or a soluble bromide, add a 
solution of an argentic (mercurous or plumbic) salt to the solution, 
when a yellowish^white precipitate of argrentlc bromide, AgBr, is 
formed, which is insoluble in dilute nitric acid, somewhat soluble in 
concentrated ammonic hydrate, readily soluble in potassic cyanide or 
sodic hyposulphite. By decanting the supernatant liquid, washing 
with a little water, and treating the precipitated argentic bromide 
with strong hydrochloric acid, reddish-brown fumes of bromine are 
evolved which colour starch paste yellowish, (Distinction between 
AgBr AND AgCl.) 

Insoluble bromides, such as AgBr, Hg2Br2, PbBr2, are best 
decomposed by heating in an ignition- tube with alkaline carbonates 
(free from chlorides). The aqueous extract is tested for hydro- 
bromic acid, and the insoluble residue for silver or lead. HgoBra 
gives a sublimate of metallic mercury. 
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In the absence of any well-marked distinguishing features in the 
argentic bromide precipitate, it is preferable to liberate bromine 
from soluble bromides, and to cause the reddish-hrown vapour to act 
upon starch paste with formation of yellowish bromide of starch, 
Nitrous acid (or a nitrite and dilute sulphuric acid) does not 
liberate any bromine from pure soluble bromides. (Distinction 
BETWEEN BROMIDES AND IODIDES.) All bromides are, however, decom- 
posed by chlorine, with evolution of bromine, which remains dis- 
solved in the aqueous solution. On shaking with a little ether, the 
bromine is taken up by the ether, forming a yellowish-red liquid, 
which floats on the top of the saline aqueous solution. This 
ethereal liquid may be removed by means of a small pipette, and 
on being treated with potassic hydrate is converted, on evaporation, 
into potassic bromide and potassic bromate, thus : — 

SBij + 6KHo = 5KBr + | § + 30H^. 

Bromine is obtained from natural bromides, such as potassic, 
magnesic, and calcic bromides, by reactions analogous to those 
employed for the preparation of chlorine from common salt (page 
123) ; for instance, on distilling with manganic oxide and concen- 
trated sulphuric acid, thus : — 

2KBr + MnO., + 2SO3H00 = Br^ + SO^Ko^ + SO^Mno" + 2OH2, 

or by distilling a bromide with dipotassic dichromate and sulphuric 
acid, thus : — 

GKBi* -f- Cr206Ko2 -h 7SO2H02 = 3Br2 -b S306Cr20^* -f* 4SO2K03 

+ 70Hj. • 

A mixture of a bromide and 
manganic oxide, or dipotassic 
dichromate is introduced into a 
tubulated retort (Fig. 16), Avith 
concentrated sulphuric acid, 
diluted with its own weight of 
water, and gently heated over a 
gas flame. The reddish-brown 
vapour of bromine passes over, 
and condenses in a flask (which 
should be kept cold by a stream 
of water, or better still, in a 
vessel surrounded with ice) to a 
reddish-brown heavy liquid. 

Concentrated sulphuric acid 
alone evolves hydrobromic acid, 

together with bromine and sulphurous anhydride, thus : — 

4KBr “1“ 3SO2H02 — Br2 4" 2E[Br -f- 2SO2K02 “f* 2OS2 "h SOj, 



Fio. 16 . 
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Concentrated nitric acid evolves bromine, together with nitrous 
fumes, thus ; — 

2 !^Hr -j- 4NO2H0 !Br 2 -h 2NO2K0 -f- lSr204 -|- 20 £[ 2 > 

In the two last reactions the sulphuric and nitric acids act as 
oxidizing agents, performing in fact the functions of the manganic 
oxide and dipotassic dichromate in the former reactions. 

It is obvious that the hydrogen may also be removed from hydrobromic acid 
(or the metal from a metallic bromide) by other oxidizing agents, such as per- 
manganates and metallic peroxides, in the presence of an acid. 

Bromine is a heavy reddish-brown liquid, of disagreeable odour, 
resembling the odour of chlorine. It boils at 63° C., and volatilizes 
at the ordinary temperature. Bromine vapour bleaches vegetable 
colours like chlorine gas. It is difficultly soluble in water, somewhat 
more soluble in alcohol, and readily soluble in ether to a yellowish- 
red liquid. 

Bromine (like chlorine) is an oxidizing agent, i.e., it is eager to 
combine with hydrogen, and is capable of decomposing water, 
sulphuretted hydrogen, etc., under favourable circumstances 
sunlight), with liberation of oxygen, sulphur, etc. We avail our- 
selves of this tendency to prepare hydrobromic acid, which cannot 
be obtained pure by distilling a bromide with sulphuric acid. By 
passing sulphuretted hydrogen through bromine suspended in water, 
a colourless solution of hydrobromic acid is obtained, and sulphur 
separates, thus : — 

Bra + SH 2 - 2HBr + S. 

This solution always contains some sulphuric acid, owing to a 
secondfvry reaction of the bromine upon water, in the presence of 
nascent sulphur : — 

3Br2 + 4 OH 2 -f- S = 6HBr -|- SO 2 H 02 , 

from which the hydrobromic acid is separated by distillation. 

It will be inferred from this that the decomposition of water by 
bromine would be assisted very much by the presence of deoxidizing 
bodies, such as phosphorus, metallic hypophosphites, sulphites, 
hyposulphites. 

Hydrobromic acid can likewise be prepared by distilling an 
alkaline bromide with phosphoric acid. 

In order to distinguish a bromide in the 'presence of a chloride j argentic nitrate 
is added gradually and with continuous aptation to the solution, acidulated with 
a little dilute nitric acid. AgBr is precipitated first, and by filtering off, as soon 
as the precipitate appears white — an indication that the whole of the bromide 
has been precipitated, and that AgCl begins to fall out — the two acids may be 
roughly separated. 

In like manner it is sometimes useful to separate, or practically to concen- 
trate, small quantities of bromides and also iodides, for in a mixed solution of 
chlorides, bromides and iodides, the iodine falls out first as yellow Agl, the 
bromine next as yellowish- white AgBr, and the chlorine last, as white AgCl. 
With care and patience, a fair approximate fractional separation may be 
effected. 
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It is, however, preferable to employ the reaction described at page 122, viz., 
of distilling a mixture of a dry chloride and bromide with dipotassic dichromate 
and concentrated sulphuric acid, and of obtaining chlorochromic acid and bro- 
mine, the former being decomposed by water into Cr02Ho2 and HCl. The 
bromine remaining unchanged, can be removed by ether. On adding AmHo 
to the bromine solution a colourless liquid containing ammonic bromide and 
bromate is obtained. 


QUESTIONS AND EXERCISES. 

1. Describe a method by which bromine can bo obtained from a soluble bro- 

mide. 

2. How would you prepare HBr from a soluble bromide ? 

3. Ex])lain the action of heat upon solid soluble bromides. 

4. Classify all bromides according to their solubility in water. 

5. Describe the most characteristic tests for bromine, and for HBr. 

6. Explain the action of chlorine, dilute HCl, concentrated S02no2, concen- 

trated NO2H0, and of POH03 upon potassic bromide. 

7. How is HBr distinguished from HCl ? 

8. What takes place when bromine, phosphorus, and water are brought 

together ? 

9. Explain the action of SHo, SONao2, and SSONaoo upon bromine suspended 

in water. 

10. Uive the atomic and volume weights of bromine and of hydrobromic acid. 

11. 1*56 grm. of argentic bromide is heated in a current of chlorine ; what will 

be the weight of the silver salt left ? 


BROMIC ACID, |oHo . — Obtiiined in combination with potassium by 

adding bromine to a moderately concentrated solution of potassic hydrate. 
Potassic bromate cr)^stallizes out from the slightly yellowish coloured liquid, and 
is purified from potassic bromide by washing with water and recry stallization. The 
reaction takes place according to the equation : — 


3Br3 + 6KH0 = 5KBr + | + SOIIo. 

The free acid is obtained by decomposing baric bromate with dilute sulpliuric 
acid. 


UEACTIONS IN TllE DllY WAT. 


All bromates are decomposed by heat. • Some, e.//., the alkaline bromates, 
fuse and evolve oxygen, leaving a bromide ; others, such as zincic and magnesic 
bromates, leave an oxide and give olf oxygen and bromine ; others, again, leave an 
oxide and a bromide, e.fj., ])lumbic and cupric bromates. When mixed with 
readily oxidizable substances, such as carbon, sulphur, etc., bromates deflagrate. 

BE ACTIONS IN TJIE WET WAT. 


We employ A solution of potassic beomate, | 

All bromates are soluble in water. Argentic and mercurous bromates are 
difllcultly soluble. 

Dilute sulphuric, nitric, or phosphoric acid liberates bromic acid from its 
salts, which, however, exhibits great instability and breaks up into bromine, 
oxygen, and 'water. 

Bromates are readily broken up by deoxidizing substances, such as sulphurous 
and phosphorous acids, sulphuretted hydrogen, etc., with formation of sulphuric 
and phosphoric acids, sulphur and water, and liberation of bromine. A mixture 
of potassic bromide and bromate, when acted upon by dilute acids, is decomposed 
into bromine and water, thus : — 


5ZBr + -j + 6HC1 = SBr^ + aoH, + 6KC1. 

K 2 
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The weak affinity of bromine for oxygen is, moreover, rendered apparent on 
boiling bromine with such powerful oxidizing agents as nitric acid, potassic chlo- 
rate or manganate, wliich are without action upon it. 

A bromate in the presence of a chlorate is readily distinguished by precipitation 

{ OBr 

OAgo’ bromine on 

being treated with HCl. The residue which bromates and chlorates leave on 
ignition may also be tested by any of the methods described under hydrochloric 
and bydrobromic acids. 

QUESTIONS AND EXERCISES. 

1 . State how potassic and baric bromates are prepared. 

2. Describe the changes which metallic bromates undergo when submitted to 
heat. 

3 Explain the action of dilute acids upon potassic bromate. 

4u What is the action of SHo, SO 2 , or P 2 O 3 upon potassic bromate .P 

6 . How can a bromate be distinguished in tlie presence of a bromide ? 

6 . How can a bromate bo distinguished from a chlorate or nitrate ? 

7 . How is free bromic acid obtained ? 

8 . How much potassic bromate should there be obtained from 50 grms. of bro- 
mine ? 


HYDRIODIC ACID; HI. — Occurs in nature in the form of 
soluble iodides (KI, Nal, Mgl 2 , Oalg), in sea water, in the ashes of 
marine plants, in some mineral springs, from which bodies iodine is 
obtained, by processes similar to those employed for the extraction 
of bromine from bromides. 

REACTIONS IN THE DRY WAY. 

Most iodides undergo decomposition when heated by themselves, 
either with or without exclusion of air. AUI 3 and Ptl 4 give off 
iodine, and leave the metals ; others arc partially decomposed, giving 
off iodine, and leaving an oxide of the metal. The alkaline iodides, 
however, can be heated to fusion, without undergoing any decom- 
position. Ignition with ammonic chloride converts iodides only 
partially into chlorides. On fusing cupric oxide in a bead of micro- 
cosmic salt, and introducing a little potassic iodide into the bead and 
heating in the inner blowpipe flame, the outer flame becomes of a 
fiyie emerald-(jreen colour, 

REACTIONS IN THE WET WAY. 

We employ a solution op potassic iodide, KI. 

All metallic iodides may be divided into — 

1st. Iodides insolnhlc in water ^ such as Agl, HgJ„ HgT„ Pbl„ 
CTl2l2 (Bilg, Aulg, Ptl4), Ulld Pdl2, Uud 

2nd. Iodides soluble in water, comprising all others. The 
iodides of the heavy metals are less soluble than the 
corresponding bromides or chlorides. 

Soluble iodides may be examined in two ways — 

1st. By precipitation or conversio 7 i of the soluble into insoluble 
iodides. 
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NOsAgo gives a yellourish-white precipitate of arirentlc Iodide, 
Agl, insoluble in dilute nitric acid, almost entirely insoluble in 
ammonic hydrate (distinction between HI and HCl, OR HBr) ; 
soluble in potassic cyanide. 

N 204 Hg 2 o" gives a yelloiuish^green precipitate of mercurous Iodide, 
very slightly soluble in water, insoluble in dilute nitric acid, 
soluble in potassic iodide. 

^^SClo gives a beautiful vcrmilUon-red precipitate of mercuric 
Iodide, Hgl 2 , little soluble in water, soluble in alcohol, and soluble 
also in excess either of mercuric chloride or of potassic iodide. 

a CH A 

00^ j 2 Pbo" gives a bright yellow precipitate of plumbic Iodide, 

Pbla, soluble, like the chloride, in hot water (120 parts), from which 
it crystallizes out, on cooling, in beautiful shining yellow scales ; 
soluble in dilute nitric acid. 

SO 2 CU 20 " (cuprous sulphate), obtained by treating SO 2 CU 0 " 
with SOHoo, produces a dirty white precipitate of cuprous Iodide, 
CU 2 I 2 , insoluble in water, sparingly soluble in HCl, soluble in am- 
monic salts and free NH;i. This precipitate is of particular interest, 
because chlorides and bromides cannot be precipitated in like manner^ 
and because it serves frequently for removing iodides from dilute 
solutions containing chlorides and* bromides. 

2nd. By liberating iodine^ and causing the iodine vapour to act 
upon starch paste. This may be effected in several 
ways. 

On mixing a dilute solution of potassic iodide -with a few drops 
of hydrochloric acid, and then adding a drop or two of a solution of 
potassic nitrite, iodine is instantly liberated, find may he detected 
by the yellowish-brown tint it imparts to the solution, or better still 
by allowing it to act upon a freshly-prepared solution of starch, to 
which it imparts e,fine blue colour^ owing to the formation of iodide 
of starch. This is one of the most delicate tests. The reaction 
serves equally well for the detection of NOHo (comp, page 121), or 
NO 2 H 0 , after reducing to NOllo (see page IID), thus : — 

2KI + 2NOKo + 4HC1 = I 2 + 4KC1 + N 2 O 2 + 2 OH 2 . 

A solution containing free iodine may also be shaken up with a 
few drops of carbon disulphide, which dissolves the iodine, assuming 
a fine violet colour. Ether dissolves iodine, but the colour which is 
produced resembles ether coloured by bromine. 

Nitric acid containing a lower oxide of nitrogen, acts like a 
nitrite. 

Bromine or chlorine (or what amounts to the same, ClNao and 
HCl, or metallic peroxides or perchlorides, e.g.^ Ba02, Pb02, Mn02 
and HCl, or Fe 2 Cl 6 and HCl), liberates iodine from iodides. Ac- 
cording to the quantity of iodide employed, iodine separates either 
as a bluish-black powder, forming a brown liquid, or in the form of 
deep violet fumes, which condense to beautiful fern-leaf shaped 
crystals. 
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The methods adopted for the extraction of iodine from metallic 
iodides are all based upon the expulsion of iodine by oxygen (or its 
equivalent of chlorine or bromine). Iodine is obtained by distilling 
an iodide with an oxidizing agent and sulphuric acid, e,g , : — 

2 KI 4“ 1 M[ii 02 * 4 “ 2SO2H02 ” I2 * 4 “ S 02 Mno^^ -I- SO2K02 -\- 

2OH2, or 

6 KI 4 “ Cr 205 Ko 2 4 " 7SO2H02 = 3I2 4 " S 306 Cr 20 ^ 4 “ 4SO2K02 4 " 

7OH2. 


Concentrated acids, such as SO2H02, or NO2H0, decompose 
iodides with separation of bluish- black scales of iodine and evolu- 
tion of SO2 or lower oxides of nitrogen, thus : — 

2KI 4- 2SO2H02 = I2 4- SO2K02 + SO2 + 2OH2. 

2KI 4- 4NO2H0 = I2 4- 2NO2K0 4- N2O4 + 2OH2. 

On fusing an iodide with SO2H0K0, iodine is likewise liberated, 
thus : — 

2^1 4 " 4SO2H0K0 ~ 3SO2K02 4 “ SO2 4 “ I2 “ 4 “ 2OH2. 

On examining for traces of iodine by acting upon an iodide with chlorine, 
excess should be carefully avoided, as the iodine is oxidized by the chlorine to 
colourless iodic acid, which does not yield the blue colour of iodide of starch, or 
the violet colour of the carbon disulphide solution. The blue colour of iodide 
of starch is destroyed by various reducing agents, such as SO2, SH^, A82O3, 
SnCl2, and Hg-gCl^, or by any organic reducing body. Alkalies destroy the 
colour, dilute acids (even acetic acid) restore it again. On heating iodide of 
starch the colour disappears, but reappears on cooling. 

The destruction of the blue colour of iodide of starch by various reducing 
agents is due to the decomposition of water by the iodine, with formation of HI, 
the oxygep being transferred to the reducing agent, thus ; — 

SOH02 (a dilute solution) + I2 + OH2 = SO2H02 + 2 HT. 

SHo + I2 = 2 HI + S. 

AsHoa + I2 + OH2 = 2 HI + AsOHoa. 

Hydriodic acid is usually prepared by acting upon iodine sus- 
pended in water (or dissolved in hydriodic acid), with a current of 
SH2. Sulphur separates and is removed by filtration, and the 
solution of hydriodic acid concentrated by distillation. Its aqueous 
solution absorbs oxygen from the air, water being formed and 
iodine liberated, which dissolves in the undecomposed hydriodic 
acid, and imparts a brown colour to the liquid. 

Insoluble iodides may be fused with alkaline carbonates, or 
decomposed galvanically by means of metallic zinc. The aqueous 
extract is examined for iodine, and the residue for the metal. 

QUESTIONS AND EXERCISES. 

1 . How would you extract iodine from Mgrlj? Give several methods, and 

express the changes by equations. 

2 . Explain the action of heat upon solid iodides. 

3 . Classify all iodides according to their solubility in water. 
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4. Explain how you would distinguish HCl, HBr, and HI, when occurring in 
one and the same substance. 

6. Explain the action of iodine vapour upon starch. 

6. Why is it preferable to liberate iodine by means of N2O3, instead of by 

bromine or chlorine ? 

7. How would you prepare a solution of hydriodic acid ? 

8. How much iodine can be obtained from 100 lb. of Nal ? 

9. Q-ive graphic formulae for cuprous and mercurous iodides. 

10. Explain how you would distinguish free iodine in the presence of an 

iodide. 

11. What action takes place when a dilute solution of SO2 acts upon iodine, and 

how can iodine be made the measure for SO2 and vice versd / 

12. 10 litres of a mineral water yield *134 grm. of Agl ; how much iodine is 

there in 100,000 parts of the water ? 


IODIC ACID, — Potassic iodate is obtained, like the corresponding 

chlorate and bromate, by dissolving iodine in potassic hydrate. The iodate crys- 
tallizes out first, being much less soluble than KI. The free acid can be prepared 
by decomposing baric iodate with sulphuric acid, thus : — 

01 

° Bao’ + SOsHoj = + SOsBao". 

01 

Iodic acid is also obtained by the action of strong boiling nitric acid upon 
iodine, or by passing chlorine through iodine suspended in water. 

REACTIONS IN TIlj: DRY WAY. 

All iodates are decomposed upon ignition, some breaking up into an iodide, 
with evolution of oxygen ; others into metallic oxides, iodine and oxygen being 
expelled. When heated with charcoal they explode less violently than chlorates 
or bromates. 

REACTIONS IN THE WET WAY. 

We employ A solution op potassic iohate, | 

Alkaline iodates alone are soluble in water. 

Ba0l2 gives a while precipitate of barlg; Iodate, nearly insoluble in water 
and difficultly soluble in dilute nitric acid. 

NOoAgo produces a white crystalline precipitate of argrenttc Iodate, 
sparingly soluble in water and in dilute nitric acid, readily soluble in ammonic 
hydrate (distinction prom HI). On the addition of a reducing agent, e.g.y 
SOH02, to the clear ammoniacal solution of argentic iodate, a precipitate of Agl 
is obtained, thus ; — 

^ OAgo 3SOH02 = Agl + 3S02Ho2» 

Potassic iodate is decomposed by SH2, with fownation of potassic iodide and 
sulphuric acid, and precipitation of sulphur; by SOH02, with separation of 
iodine, which (by the decomposition of water) is converted into hydriodic acid. 

A mixture of an iodate and iodide is decomposed by weak acids (e.g.y acetic 
acid), with liberation of iodine. Traces of an iodate in potassic iodide can, there* 
fore, be detected by means of the delicate iodide of starch reaction. 

Iodates which give off* iodine when they come in contact with various re- 
ducing agents, e.g.y SO2, SSONao2, SnCl2, difier, however, in a marked manner 
from chlorates and bromates by remaining unacted upon by concentrated sul- 
phuric acid, unless the action be assisted by deoxidizing agents, such as ferrous 
salts, etc. Instead of acquiring a less stable character by the interposition of the 


{ 

{ 
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atoms of oxjgen between the iodine and potassium, potassic iodate,* and still 
more so periodate (obtained by passing chlorine through an alkaline solution of 
potassic iodate) , is capable of resisting the action of sulphuric acid far more 
readily than potassic iodide. Periodates are, in fact, not reduced by the ordinary 
reducing agents by which iodic acid is reduced, except by SHa- 


‘QUESTIONS AND EXERCISES. 


1. How are potassic iodate and periodate obtained? Give equations. 

2. Explain the changes which iodates and periodates undergo upon ignition. 

3. Explain the change which takes place when potassic iodate is acted upon — 

1st, by reducing agents, e.g.y SO 2 , SHa, FeCla ; 2ndly, by concentrated 
sulphuric acid. 

4. A precipitate contains Agl and 

two salts from each other. 


01 

OAgo* 


State how you would separate tlie 


5. 


Explain the action of HI upon a mixture of KI and 


{ 


01 

OKo- 


HYDROFLUORIC ACID, HF.— Occurs in nature in com- 
bination chiefly with calcium in the mineral A fluorspar {Derby’- 

shire spar), CaF2 ; also as double fluoride of aluminium and 
sodium in cryolite, GNaFjAljFc. It is, moreover, met with in 
certain rtaUiral phosphates, e.g., coprolite, fossil hones, wavellite, and 
in a few silicates, e.g,, topaz, mica,* hornblende. 

KEACTIONS IN THE DRY WAY. 

Heated out of contact with the air, most fluorides remain un- 
changed. Volatile fluorides can be distilled ; but when heated in 
a moist atmosphere, or if water be added, they are decomposed into 
oxides (oxyfluorides) and hydrofluoric acid. The changes which 
fluorides undergo in the dry way are of two kinds. 

1 st. The fluoride gives off hydrofluoric acid gas, which corrodes glass. 
— By heating a fluoride containing water in a piece of combustion 
tubing, open at both ends, before the blowpipe, the glass around the 
fluoride is attacked. The experiment may be carried out also by 
mixing a little microcosmic sAlt with the fluoride, and holding the 
tube in a slightly slanting position. 

By heating a mixture of a fluoride with hydric potassic sulphate 
in a test-tube, HF is disengaged, thus : — 

CaFj -h 2SO2H0K0 = SOsCao'' + SO2K02 + 2 HF. 

The gas corrodes the upper part of the tube on account of its action 
upon the silica of the glass, with which it forms a gaseous compound, 
silicic fluoride, SiF4, thus : — 

4 HF + SiOz = SiFi + 2OH2. 

* J . Thomson (Deut. Chem. Ges. Ber., vii, p. 112) deduces from the dif- 
ferences observed in the solubility of chlorates and broinates, compared with 
that of iodates, also the formation, by preference, of acid salts with the alkali 
bases, and the facility with which iodic anhydride can bo prepared directly, by 
heating the hydmted acid, that iodic acid must be viewed as a dibasic acid, and 
he as^ns to it the formula : — I 2 O 6 H 2 , or I'"1'04(0H)2, and he derives periodic 
acid, HjjIOsHa, or H 8 l 04 (OH) 2 , by replacing the triatomic iodine atom by H 3 . 
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2 nd. The fluoride is decomposed hy hydric potassic sulphate in the 
presence of a borate, with formation of volatile boric fluoride, BF3. — 
By heating a mixture* of powdered hydric potussic sulphate and 
fused borax with the finely powdered fiuoride, on the loop of a 
platinum wire, in a clear fiame of a Bunsen gas lamp, boric fiuoride 
is disengaged, imparting a beautiful yellowish-yreeu colour to the 
flame, which is highly characteristic, although very evanescent. 

REACTIONS IN THE WET WAY. 

We employ A solution of some fluoride, NaF. 

Most metallic fluorides are solid; others, again, such as the 
fluorides of the metals whose higher oxides possess acid properties, 
form volatile, fuming, highly corrosive liquids, or are gaseous at 
the ordinary temperature. 

Fluorides are either soluble in water and more or less crystalline, 
such as KF, NaF, AmF, AgF, SnF2, Fe^Fc, HgF2, AI2F6, or 
insoluble or very sparingly soluble in water, and amorphous when 
obtained by precipitation, e.g,, CaF>, BaF2, PbF2, ZnF2, CUF2. 

The reactions which a soluble fluoride gives by double decom- 
position with solutions of salts, whose metals form insoluble 
fluorides, are not very characteristic. 

BaCb produces a bidlcy white precipitate of baric fluoride, BaF2, 
soluble in hydrochloric acid and in much ammonic chloride. 

CaCb (or CaHoo) gives a gelatinous translucent precipitate of 
calcic fluoride, CaFj, which becomes visible by the addition of 
ammonic hydrate. CaF^ is slightly* soluble in cold hydrochloric or 
nitric acid, difficultly soluble in boiling hydrochloric acid, less 
soluble in acetic acid, insoluble in free hydrofluoric acid, soluble to 
some extent in ammonic chloride. 

NOiAgo produces no precipitate. (Distinction between HF 
AND HCl.) 

It is preferable to test for HF by the reactions based upon the 
formation of gaseous SiF4 or BF3, 

All fluorides (soluble or insoluble) are decomposed on heating 
with concentrated sulphuric acid, with disengagement of HP, a 
metallic sulphate being left, thus : — 

CaFs, + SO2H02 = 2 HF -f SO^Cao". 

The experiment is best performed by 
treating the fluoride with sulphuric acid in 
a small leaden cup heated over a water-bath 
(Fig. 17) , and connected with a leaden still 
and U-tube, surrounded with ice, for the 
condensation of the acid. 

Hydrofluoric acid gas is highly 
corrosive, and should not be inhaled. 

If it comes in contact with silica {e.g,, 
in glass), SiP4 is formed. The glass 
becomes corroded or etched. 

* 10 mol. of SOoTIoKo ( = 10 x 136). 

3 mol. of CaFa { =« 3 x 78). 

1 mol. of B 406 Nao 2 202. 
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Iti Betitm upon glass may be shown also by covering a platinum crucible con- 
taining a little finely powdered fiuoride and concentrated sulphuric acid, with a 
piece of glass, e.g.y a watch-glass. The vapour of the evolved liydrofluoric acid 
corrodes the glass. The action of tlie hydrofluoric acid becomes apparent when 
the glass is covered with a thin layer of melted wax, and some design scratched 
on the waxed side with a pointed instrument. The gas acts upon the unpro- 
tected portion of the glass. To prevent the melting of the wax, a little cold water 
is kept on the watch-glass. The design will be found etched more or less deeply 
into the glass, after the removal of the wax. Mere traces of a fluoride are thus 
detected, and as no other substance attacks glass similarly, the reaction is per- 
fectly clmracteristic foi hydrofluoric acid. It should be remembered, however, 
that the softer kinds of glass are liable to be corroded by the vapour of ordinary 
acids alone. In doubtful cases, therefore, it is preferable to employ a glass- 
bulb blown out of combustion glass, or also a plate of rock-crystal. 

If the fluoride contain much silica, sulphuric acid disengages 
silicic fluoride instead of hydrofluoric acid, which does not attack 
glass ; but when passed into water — best by letting the delivery- 
tube dip into a little mercury — it is decomposed into hydrofluo- 
silicic acid and into SiHo4, thus : — 

3SiF4 + 4 OH 2 = SiHo4 + 2(2HF,SiF4). 

This reaction is employed for detecting fluorine in silicates, or if 
applied to fluorides which are free from silica, some finely powdered 
quartz or glass is first mixed with the fluoride, before treating with 
sulphuric acid, and passing the silicic fluoride into water. 

The experiment may be performed in a glass flask or small stone- ware bottle, 
provided with a wide delivery-tube, which dips under mercury contained in a 
small porcelain cup at the bottom of a beaker or glass cylinder. Care should be 
taken that the inside of the delivery-tube remains ])crfectly dry, when the re- 
ceiving vessel is filled with water. A mixture of one part by weight of finely 
powdered fluorspar, and one by weight of fine sand is introduced into the glass 
or stone-ware vessel. Seven to eight parts by weiglit of oil of vitriol are added, 
and the whole shaken up togetlier and gently heated upon a sand- (or water-) 
bath. Each bubble of the evolved SiF 4 , on passing through the water, is 
decomposed, with separation of gelatinous silica, which after a time fills the 
whole glass vessel in the form of a dense jelly. The silica is separated by strain- 
ing through a cloth from the hydrofluosilicic acid, which may be returned to the 
glass cylinder, and a fresh quantity of SiF 4 passed through, till the acid solution 
has become sufficiently concentrated. 

Silicates containing fluorides which are not decomposed by sulphuric acid, are 
fused with four parts of fusion mixture. The fused mass is extracted with water 
and filtered. The filtrate contains the fluorine in the form of alkaline fluorides 
together with alkaline silicates. On slightly acidulating with dilute hydrochloric 
acid to decompose the excess of alkaline carbonates, and then digesting with 
ammonic hydrate, SiHo 4 is precipitated, wdiich can be filtered off*, leaving the 
alkaline fluoride. On adding CaJro2 or CaCLj, and digesting at a gentle heat, a 
gelatinous precipitate of CaF 2 is obtained, which is filtered off, dried, and 
examined. If phosphoric acid be present, the precipitate contains P202Cao"3, 
as well as CaF 2 , which does not, however, interfere with the disengagement of 
hydrofluoric acid gas. 

Insoluble fluorides, <?.^., CaFj, arc not completely decomposed by fusion with 
alkaline carbonates, unless Si 02 be present. 

QUESTIONS AND EXEECISES. 

1. Which are the most important natural compounds of fluorine ? 

2, What changes do solid fluorides undergo when heated by themselves ; 2ndly, 

when mixed with microcosmic salt or hydric potassic sulphate ? 
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3. How is BF 3 formed, and why does it furnish us with a characteristic reac- 

tion for fluorine, or vice versA for boron? 

4. Classify fluorides according to their solubility in water. 

6. Describe some characteristic reactions for fluorine in the wot way. 

6. How would you distinguish gaseous HCl from HF ? 

7 . How is liydrofluoric acid gas prejmred ? Explain its action upon glass. 

8. How would you test for small quantities of a fluoride ? 

9. Explain the action of concentrated sulphuric acid upon a fluoride containing 

much Si 02 . 

10. How is fluorine detected in silicates decomposable by SO^Hoo, containing 

traces of a fluoride ? 

11. How can fluorine be detected in a mineral containing a silicate which is 

not decomposed by sulphuric acid, some phosphate, and traces of a 
fluoride ? 

12. How would you prepare KF, AmF, and liquid IIP ? 


HYnROFLiVOSIL.IGlC ACID, 2HF,SiF4.— Obtained by passing silicic 
fluoride into water and separating the precipitated silica by filtration. 

It forms salts, called silicofluorides, or fluosilicates, on acting upon metallic 
oxides, hydrates, or metals, such as Fc or Zn (these latter with evolution 
of hydrogen), of which the potassic and baric silicofluorides are the most 
interesting. 

EE ACTIONS IN THE DRY WAY. 

Silicofluorides are decomj)osed by heat into fluorides, with disengagement of 
silicic fluoride. * 

EEACTIONS IN THE WET WAY. 

A CONCENTEATED SOLUTION OE THE ACID may he employed. 

On evaporating a solution of hydrofl uosilieic acad in a pLitinum vessel, it 
volatilizes, and is decomposed into SiF 4 and' 21IF. The acid ought not, there- 
fore, to bo heated in a glass vessel. 

A few silicofluorides i e,g.^ 2KF,SiF4, 2NaF,SiF4, BaF 2 ,SiF 4 , are difficultly 
soluble in water^ and are rendered quite insoluble by the addition of alcohol. 
Most other metallic silicofluorides are readily soluble in water. 

BaCl 2 precipitates translucent crystalline baric aillcolluoride, Ba^,SiF4, 
which fails out very readily. The precipitation is comjilete on tln^ addition of 
an equal volume of alcohol. Strontium is not pre(;ipitated from concentrated 
solutions. (Distinction between barium and strontium.) 

£C1 gives a translucent gelatinous precipitate of fllpotassic §lllcofluorlde, 
2KF,SiF4. 

AmHo separates SiHo 4 and forms AniF. 

On lieating a metallic silicofluoridc with concentrated sulphuric acid in a 
platinum crucible, covered with a watch-glass, the glass becomes corroded or 
etched. 


QUESTIONS AND EXERCISES. 

1. How is 2 nF,SiF 4 prepared ? 

2. State how 2 HF,SiF 4 acts upon KHo, OH 2 , Fe, CuO. 

3. What decomposition takes place w^hen silicofluorides arc heated — 1st, by 

themselves ; 2ndly, with concentrated SO 2 II 02 ? 

4. How is BaF 2 , SiF 4 obtained ? 

5. What proportions by weight of CaF 2 , Si02, and SO 2 H 02 , are required for 

the preparation of 2 HF,SiF 4 ? 


PHOSPHORIC ACID, POH03. — This acid is never met with 
in the free state in nature, but invariably in combination with 
bases, such as CaO, MgO, AI2O3, PeO, PeaOa, PbO, as hone- 
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ashy sombrerite, coprolite, apatite^ wagnefi'iie^ wavellite, vivianite, 
pyroTnorphite, etc. 


REACTIONS IN THE DRY WAY. 

Most anhydrous metallic phosphates, when mixed with dry 
CONao2 and lamp-black, and heated together with metallic sodium 
or magnesium in a narrow ignition- tube, yield phosphides of these 
metals, recognisable by the smell of PH3 which is given off when 
they are moistened with water. 

Normal phosphates of fixed bases are not decomposed upon 
ignition. Mono- and di-hydric normal phosphates lose water, and 
are converted into pyro- and metaphosphates, thus : — 

(1) 2POHoNao2 = P203Nao4 + OH 2 . 

Sodic 

pyrophosphate. 

(2) POHo2Nao = P02Nao + OH.,. 

Sodic 

metaphosphate. 

Fusion with caustic or carbonated alkalies converts pyro- and 
metaphosphates into normal or orthophosphates. Boiling with con- 
centrated acids (NO2H0) cflects this conversion likewise. 

Alkaline earthy phosphates are only partially decomposed by 
fusion with alkaline carbonates; most others, e.rj., magncsic, ferric, 
zincic, nickelous, manganous, cupric phosphates are completely de- 
composed, The solution contains trisodic and tripotassic phosphates. 
P202Al20''’^ can only be decomposed by fusion with silicic anhydride 
or sodic silicate (water-glass) and fusion mixture,* being converted 
into sodic aluminic silicate and trisodic phosphate. (Comp. p. 49 .) 

REACTIONS IN THE WET WAY. 

We . employ a solution of htdric disodic phosphate, POHoNao2. 

All phosphates may be divided into — 

1st. riiosphates which are soluble in water, comprising the 
alkaline phosphates only ; their solutions react alkaline ; 
and 

2 nd. Phosphates which are insoluble in water, but soluble m 
mineral acids (some also in acetic acid), comprising all 
other metallic phosphates. 

The following are some of the more important reactions by 
double decomposition : — 

BaCh yields a ivkite precipitate of liydric baric phosphate, 
POHoBao' , difficultly soluble in ammonic chloride, soluble in nitric 
or hydrochloric acid. 

CaCk, or S02Cao" produces a white precipitate of hydrlc calcic 
(or tricalcic) phosphate, POHoCao", readily soluble in mineral 


* One part of Si02, together with six part« of fusion mixture. 
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acids ;* soluble in acetic acid, after being freshly precipitated ; 
slightly soluble in ammonic chloride. 

SO^Mgo" (or better still MgClo) in the presence of AmCl and 
Am Ho produces a white crystallinG^ quickly subsiding precipitate of 
ammonic maiirneslc phosphate, POAmoMgo" -f 6 aq., insoluble in 
ammonic hydrate, readily soluble in acids, ev^en acetic acid. A 
highly dilute solution of sodic phosphate is only precipitated after 
some time. The precipitation is promoted by stirring and allowing 
the liquid to stand in a warm place, when the precipitate is seen to 
adhere, in the form of white streaks, to those parts of the glass 
vessel which have been touched by the glass rod. Arsenic acid 
gives an analogous precipitate. 

This is the most important reaction for POH03; it is almost 
invariably resorted to, both for the recognition of magnesia and 
phosphoric acid. 

N02Ago gives a light yellow precipitate of trlarnrentlc phosphate, 
POAgOa, soluble in ammonic hydrate and in nitric acid. 

({00 ").Pbo", plumhic acetate, produces a white precipitate of 

plumbic phosphate, Po02Pbo"3, readily soluble in nitric acid, almost 
insoluble in acetic acid, as well as ammonic hydrate. If the pre- 
cipitate is fused before the blowpi|1e on charcoal, the bead appears 
crystallive on cooling ; 710 reduction to the metallic state takes place. 

PeaCle gives a yellowbih-ivhite gelatinous precipitate of ferric 
phosphate, PyO^FeyO^, soluble in hydrochloric acid. The ferric salt 
should be added drop by drop, sufficient to just impart a red tinge 
to the supernatant solution, since the precipitate is somewhat soluble 
in excess of ferric chloride. Sodic acetate must be added to remove 
the two molecules of free hydrochloric acid resulting from the 
reaction, which would otherwise dissolve some of the precipitate. 

When phosphoric acid has to be removed from a phosphate dissolved in 
hydrochloric acid, e.y., from the alhaline earthy pliosphate, PaOsjCao^s, the free 
acid is nearly neutralized with ammonic hydrate or ammonic carbonate, and 
then sodic acetate added, which, by double decomposition with the free hydro- 
chloric acid, forms sodic chloride and free acetic acid, in which the precipitate, 
produced by a slight excess of ferric chloride, is absolutely insoluble. The mix- 
ture is heated nearly to boiling ; a reddish-brown precipitate is obtained, which 
contains the whole of the phosphoric acid, together writh some basic ferric acetate. 
It must be filtered hot, and washed with hot water ; tlie filtrate contains the 
alkaline earthy bases as chlorides. — (Comp, also p. 39 and 40). 

Small quantities of phosphoric acid, in the presence of large, amounts of a 
ferric salt, such as we meet with in solutions of iron ores, of pig iron, steel, etc., 
are best removed by first reducing the ferric to ^^rrous salt by boiling with 
SOlloAmo, neutralizing with CONUO 2 , and lastly w'lth sodic acetate and preci- 
pitation with a few drops of ferric chloride (or by reoxidizing a small portion of 
the ferrous salt by the addition of a little chlorine water, or a drop or two of 
bromine). The whole of the phosphoric acid is usually yrecij)itatcd in this 

* PjO^Cao's + 4NO2H0 = PAHoiCao" + 2 ^Q*Cao". 

Soluble tetrahydric 

calcic diphosphate, reprecipitated by AmHo. 
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manner. Loss arising from the solvent action of ferric acetate is avoided, as 
ferrous acetate does not dissolve ferric phosphate. 

This method is employed with advantage in the examination of iron ores, etc. 
The precipitate is filtered hot, rcdissolved in dilute HCl, and the phosphoric 
acid precipitated in the presence of citric or tartaric acid, AmCl and AmHo, by 
means of magnesic sulphate. 

AsOHos exhibits with ferric chloride a similar reaction, and has, 
therefore, to be separated from an acid solution, by boiling with 
SOHoAmo and precipitation by a current of SH 2 gas. 

Small traces of phosphorus (phosphoric acid), usually found in soils, 
iron ores, in pig iron, steel, sheet copper, etc., may also be precipitated 
after dissolving the ore or metal in hydrochloric and nitric acids, 
whereby the phosphorus is converted into POH 03 , and after driving 
off the excess of acids by evaporation and taking up of the residue 
with concentrated nitric acid, by adding a solution of ammonic 
molybdate and concentrated nitric acid ; the silicic acid is separated 
by the evaporation to dryness, and arsenic acid, if present, should be 
first removed by sulphuretted hydrogen. On digesting the solution 
at a gentle heat (60^ C.) for some time (hours if necessary), and 
stirring with a glass rod, a bright yellow precipitate of atnmonfe 
phosplio-molybdate is obtained. 

The constitution of this precipitate is not well understood ; we 
know merely that it contains molybdic acid, ammonia, and phos- 
phoric acid* (about 3 per cent.). By washing the yellow precipitate 
with a solution of ammonic molybdate, and lastly with a solution of 
ammonic nitrate, and then dissolving it in ammonic hydrate, filter- 
ing, and adding SO^Hgo", AmCl, and AmHo, the phosphoric acid 
is obtained as POAmoMgo". 

White of egg (albumen) is not coagulated by tribasic phosphoric acid, nor by 
a solution of an orthophosphate acidulated with acetic acid. 


PYROPHOSPHORIC ACID, P2O3II04.— Pyrophosphates are obtained 
by heating monohydric phosplmtes. They are of little importance, however, since 
they are not usually met with in natural compounds, and as they are speedily 
converted, by the action of acids or alkalies, into tribasic phosphates. 

EEACTIONS IN THE WET WAT. 

We employ A solution of sonic pyrophosphate, P203Nao4. 

Alkaline pyrophosphates are sohtble in water. 

All others are insoluble in ivater^ but soluble in dilute acids. 

The presence of a soluble pyrophosphate is indicated on adding N02Ago, 
which gives a white precipitate oi* argentic pyrophosphate, P203Ag04, soluble 
in nitric acid and ammonic hydrate. 

Albumen is not coagulated by the free acid, nor by an acetic solution of a 
pyrophosphate. 

M02Amo2 (ammonic molybdate) does not give a precipitate, until by the 
action of mineral acids the pyrophosphate has been converted into tribasic phos- 
pliate. , 


RETAPHOSPHORIC ACID, POgHo, is distinguished from the tetra- 
and tribasic acid as follows : — 


* M0O3, 90*7 P.C. ; PiOfi, 3 T P.C. ; OAmg, 3 6 P.C., and OH2, 2*6 P.C. 




PHOSPHOROUS AND HYPOPHOSPHOROUS ACmS. 143 


Albumen gives an abundant white precipitate with the frfee acid, and with 
soluble metaphosphates, on the addition of acetic acid. 

S02Mgo^, AmOl and AmHo fail to precipitate soluble metaphosphates. 

NOoAgo produces a white precipitate of argrentic metaphosphate. 

In the ordinary course of analysis both pyro- and metaphosphates are con- 
verted into tribasic phosphates, and their tctrabasic and monobasic nature is lost 
sight of. They can, therefore, only be detected by special experiments. 


PHOSPHOROUS ACID, PHo^ (tribasic). — Phosphorous anhydride is 
obtained by the slow oxidation of phosphorus on exposure to dry air at tlie ordi- 
nary temperature. By combining with water it forms a very weak acid, and 
W’ith hydrated alkalies alkaline phosphites. 

EEACTIOKS IN THE BUY WAY. 

Heated by themselves on platinum foil, phosphites are decomposed, burning 
with a bright flame. Heated in a retort they evolve liydrogen, mixed towards 
the end of the decomposition with PH 3, and are converted into phosphates. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF soDic PHOSPHITE, PHoNaoo, may be employed. 

Alkaline phosphites are soluble in %mtet\ 

All other phosphites are ^ for the most part^ (lifficmltly soluble or insoluble in 
water, but soluble in acetic acid (plumbic ])hosphite excepted) . Phosphites (as 
well as hypophosphites) are of interest mainly on account of the powx'rful reducing 
action which they exert upon salts of various metallicj oxides, ca])able of forming 
lower oxides, or of being reduced to the metallic state, as w(dl as upon the lower 
oxides, etc,, of metalloids, e,g., SO.j. 

N02Ago is reduced thereby to metallic silver, especially in the presence of 
ammonia and on the application of a gentle-heat. 

Hg:C1.2 and No04Hg2o", are reduced to Hgr.jOhj and metallic- mercury. 

SO2 forms a phosj)hate with liberation of sulphur and evolution of SH2. 

Nascent hydrogen yields a mixture of H2 and PH3 which fumes in the air and 
burns with an emerald-green colour. When passed into a solution of argentic 
nitrate, the gaseous mixture precipitates PAgs and metallic silver. 

The difficultly soluble phosphites of Ba, Ca, Pb, etc., are obtained b/ double 
decomposition, the latter salt being insoluble in acetic acid. 


HYPOPHOSPHOROUS ACIDjPOH^Ho (monobasic) .—Obtained by the 
action of alkalies or hydrates of the alkaline eartliy bases upon pliospliorus and 
water. 


P4 + 3OH2 + 3KHo = 3POH2K0 + PII3. 


BEACTIONS IN THE DEY WAY. 


Hypophosphites are decomposed upon ignition into pyrophosphates and 
PH3. 

4POH2K0 = P2O3KO4 -h 2 Pli 3 + OH2. 


BEACTIONS IN THE WET Y^kY, 

A SOLUTION OP POTAssic HYPOPHOSPHITE may be employed. 

All hypophosphites are soluble in water. They constitute even more pow'erful 
reducing agents than the phosphites. 

Nitric acid or chlorine w ater changes them into phosphafes. 

SO2H02 is reduced to SOHog, partly even to sulphur. 

SO2CU0" is reduced to metallic copper (cupric hydride). 

HfirClg is reduced to Hgr.2Cl2, and then to mercury. 

AuCla and N02Ago yield the pure metals. 

Zn + SO2H02 (nascent hydrogen) yield H2 and PH3. 
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In the ordinary course of analysis, both phosphorous and hypo- 
phosphorous acids are converted into phosphoric acid, and they 
must therefore be identified by the special reactions just described. 

QUESTIONS AND EXERCISES. 

1. How does phosphoric acid occur in nature ? 

2. Explain the action of heat upon POHo2Nao, POAmoMgo", and 

POHoAmoNao. 

3. How are meta- and pyrophosphates converted into tribasic phosphates ? 

4. Explain the action of potassic hydrate or carbonate upon P202Ee2O^*, 

P202Cao"3, P202 Cuo" 3, POIIoBao", in the wet and dry w’ay. 

6. How can PoO^Aho’^ be decomposed ? 

6. Classify all phosphates, pyrophosphates, phosphites, and hypophosphites 

according to their solubility in water. 

7. ExpLun the solvent action of II Cl or NO2IT0 upon the alkaline earthy phos- 

phates. 

8. How is phosphoric acid removed from alkaline earthy phosjdiates ? 

9. State how you would detect phosphoric acid in a soil or iron ore ; or phos- 

phorus in metallic coy)per or cast iron. 

10. What is the approximate composition of amnionic pbospho-molybdate ? 

11. Which reactions enable us to distinguish between tribasic, tetrabasic, and 

monobasic phosphates ? 

12. How would you prove the presence of magnesic, as well as of potassic phos- 

phates, in wheat flour, pale ale, ajad in cheese ? 

13. How would you prepare POH2H0 and (POn2)2Cao" ? 

14. How are calcic phos])hite and potassic hypophosphite acted upon by heat ? 

15. What are the products of oxidation obtained on burning PH3 hi air? 

16. Explain the deoxidizing action of phosphites and hypopliosphites. 

17. How can potassic hypo])hosphite bo detected in the presence of potassic 

phosphite and phosphate ? 

18. How would you preyiaro gaseous PII3 ? What is its action upon solutions 

of cupric sulphate and argentic nitrate ? 

19. Hive symbolic and graphic formulae for gaseous phosphoretted hydrogen, 

calcic hypophosphite, cupric phosphide. 

20. Express by a symbolic equation the change which POHoHo undergoes when 

it is acted upon by SO2H02, by SO^Cuo", or by AuClg. 

21. How would you convert bone-ash into a soluble calcic phosphate (into 

P202Ho4Cao"— a constituent of calcic superyihosphate) ? 

22. 5*4 grms. of cast iron yielded *046 of P203Mgo"2 ; what is the percentage of 

phosphorus in the iron ? 


SILICIC ACID^ SiHo^. — Silicic anhydride or silica^ Si02, 
occurs in nature both in a crystalline and amorphous condition, 
either in the free or combined state. Quartz and roch crystal are 
composed of almost pure crystalline silica. Opal^ hyalite^ and some 
other minerals consist of amorphous silica, and are probably derived 
from silicic hydrate by a process of slow dehydration. Other 
silicious bodies, such as chalcedony^ agate, flint, are principally com- 
posed of amorphous silica, or of a mixture of the two. 

The compounds of silica with bases, especially with OK2, ONra2, 
CaO, MgO, AI2O3, PeO, MnO, are exceedingly numerous, and 
vary to a very great extent in their constitution and properties. 

REACTIONS IN THE DRY WAY. 

•Both varieties of silica are characterized by their infusibility 
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when heated by themselves before the blowpipe, or in a bead of 
microcosmic salt. Pure silica fuses with sodic carbonate to a clear 
glass, which, if sufficient silica has been used, remains transparent 
on cooling. Silicates rich in silica behave like pure silica. If a 
silicate be heated in like manner with microcosmic salt, its base or 
bases are dissolved, while the silica is seen to float about in the 
liquid phosphate bead as a silica slceleton. Silicates containing 
coloured oxides give rise to opalescent beads, in which the Si02 
can be distinguished only with difficulty. 

When silica, or a silicate rich in silica, is heated on platinum 
wire before the blowpipe with sodic carbonate, the SiOa displaces 
the CO2, and forms a clear glass of sodic silicate. The alkaline 
carbonate should not be employed in excess. Calcic and magnesic 
silicates do not dissolve to a clear bead as a rule. 

Beyond identifying silica and obtaining a general knowledge of 
the nature of any silicate under examination, respecting its fusi- 
bility, state of hydration, etc., the blowpipe reactions fail to supply 
distinguishing tests regarding the chemical composition of these 
bodies, since a very large number of silicates dilfer from each other 
merely in the relative proportions of their component metallic 
elements. 

REACTIONS IN THE WET WAY. 

All silicates may be divided into — 

1 . Silicates which are soluble iu^ water, including only potassic 
and sodic silicates ; Jind 

2 . Silicates insoluble in water, including all others. 

These Latter silicates are either soluble in concentrated hydro- 
chloric or sulphuric acid, or partly soluble and partly insoluble, or 
lastly, w soluble in these acids. • 

All insoluble silicates are attacked by hydrofluoric acid, with 
disengagement of silicic fluoride, or by fusion mixture (or caustic 
baryta) at a high temperature. , 

By treating an aqueous solution of sodic silicate, SiN’ao4, with 
dilute hydrochloric acid, it is decomposed into NaCl and SiHo4. 
The latter remains either dissolved in the acid, or is partially sepa- 
rated as a flaky or gelatinous mass. On evaporating in a porcelain 
dish over a water-bath, the gelatinous mass becomes firmer, and 
can be broken up, by means of a glass rod, into lumps, which 
speedily lose their water, leaving anhydrous silica, especially on 
being ignited on a sand-bath, as long as acid fumes are evolved. 
The dried mass is treated with a little concentrated hydrochloric 
acid and hot water, when NaCl is dissolved out (together with 
small quantities of A 1 and Fe — impurities in the sodic silicate). 
The impalpable powder of amorphous silica is thrown on a filter 
and washed with hot water, dried and ignited. 

AmCl or COAmo2 precipitates SiHo4 from a solution of sodic 
silicate. Salts of most of the heavy metals, as well as of the alka- 
line earthy metals, form by double decomposition with a soluble 
silicate, white or yellowish -white silicates, soluble in dilute hydro- 
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chloric or nitric acid, which, however, possess no characteristic 
properties. It is, therefore, necessary to remove the silica in order 
to detect bases, by evaporating to dryness with hydrochloric acid. 
On digesting the dry mass with a little hydrochloric acid, the 
metallic oxides are dissolved, and can be separated by filtration 
from the silicic anhydride. Si02, lihe P2O6, is detected whilst testing 
for loses. 

Most natural and artificial silicates are insoluble in water. Many, 
e.g.y zeolites, as well as certain artificial silicates, such as slags from 
blast furnaces, etc., are decomposed on digesting the finely powdered 
silicate with concentrated hydrochloric acid. The gelatinous mass 
is evaporated to dryness on a water-bath, when amorphous silica 
separates. 

Silicates^ such as kaolin and clays, which are not dissolved by 
hydrochloric acid^ can frequently be decomposed, either partly or 
wholly, by hot concentrated sulphuric acid diluted with about one-third 
of its weight of water ; many natural silicates yield more or less 
silica, on treatment with hydrochloric acid, which silica may be 
taken to represent the soluble silica or the decomposable silicates, 
leaving the greater portion of the mineral behind in an insoluble 
condition. 

Silica, or silicates insoluble in acids, forming by far the greater 
number, are readily attached by gaseous hydrofluoric acid, or by fluor- 
spar and SO2H02, gaseous SiF4 being given off. This method is 
invariably resorted to whenever alkalies are present in a silicate, as 
e.g., in felspar, Si608Ko2Al20'^^ A little of the finely powdered 
silicate is moistened with strong ammonia, put into a platinum 
crucible or small platinum capsule, and exposed to the action of 
gaseous HF. This gas should be generated in a leaden or platinum 
vessel^ The platinum crucible is to this end placed in a small leaden 
basin, which can be closed with a lid of the same metal. A layer of 
fluorspar is put at the bottom of this vessel, mixed and covered with 
concentrated sulphuric acid. The platinum crucible rests on a 

leaden tripod. The leaden vessel after 
being covered and luted with moist lin- 
seed meal, is placed for a day or two in a 
warm place. The crucible is then taken 
out, and its contents cautiously evapo- 
rated by applying a gentle heat, as shown 
in Fig. 18, from the upper part of the 
crucible downward, till the whole of the 
ammonic fluoride has been driven oflP. 
The dry residue is dissolved in hydro- 
chloric acid, and tested for bases. A 
small residue is usually left, which is 
filtered oflF and treated once more in the 
same manner. 

The same result may be obtained more 
expeditiously by treating the mineral in 
a platinum crucible with liquid hydro- 



Fio. 18 . 
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fluoric acidy and evaporating cautiously in a closet which stands 
in connection with the chimney, and which has a good in-draught 
of air. The residue is dissolved in hydrochloric acid. Any insolu- 
ble residue which may be left is separated by filtration and 
treated again with hydrofluoric acid. This treatment has generally 
to be repeated several times, before the whole of the bases are 
obtained in a soluble condition. 

Treatment with OaFs and concentrated SO2H02 is objectionable, on account 
of the formation of insoluble SOHo2Cao". 

A less cumbersome yet equally satisfactory method for decom- 
posing silicates containing alkalies is the following: — ^Mix *5 grm. 
of finely powdered silicate intimately with *5 grm. of pure AmCl, and 
then with 4 grms. of pure precipitated granular calcic carbonate,* and 
heat the mixture in a platinum crucible, placed in a slanting posi- 
tion, first gently and by means of a small Bunsen flame, from above 
gradually downwards, till the sal-ammoniac is completely converted 
into OaCh. Then apply a stronger beat, and lastly heat for half an 
hour over a good Bunsen lamp. The sintered mass consists now of 
caustic lime, disintegrated silicate (rendered soluble in acids), and 
alkaline chlorides soluble in water, besides undecomposed CaCh. It 
is next slaked and repeatedly extracted with small quantities of hot 
water at a time. The liquid after filtration is free from silica and 
contains the alkali metals as chlorides. The lime in solution is 
removed by precipitation with ammonia and ammonic oxalate, and 
the filtrate evaporated to dryness and* gently ignited, when the fixed 
alkali salts are left behind. This method can only be worked with 
advantage with quantities of substance not exceeding *5 grm. 

All silicates insoluble in ivater aytd acids, no matter whether they 
contain alkali metals or not, may he decomposed hy fusion with alkaline 
carbonates (fusion mixture). They arc first ground up veiy^ finely 
in an agate mortar, then intimately mixed with three to four times 
their weight of fusion mixture and heated in a platinum crucible 
as long as any CO 2 is given oflT. This may be done over a good 
Bunsen gas lamp or by means of a Herapath gas blowpipe. (A 
platinum crucible can be employed with safety only when the 
absence of easily reducible and fusible metals has been established 
by a preliminary examination of the silicious substance in the dry 
way.) The silica is thus obtained in combination with the alkalies 
and dissolves in hot water, and the bases (CaO, MgO, AI2O3, Fe208, 
etc., etc.) are left as insoluble oxides or carbonates, and may be 
separated by filtration; or the whole mass „ is at once treated with 
dilute hydrochloric acid and evaporated to dryness. Silicic anhy- 
dride is left, and the bases are removed as chlorides by filtration. It 
is obvious that we must examine for the alkali bases in a separate 
portion, by treatment with hydrofluoric acid. • 

Pure amorphous silica dissolves completely, when boiled in a 

* Prepared by precipitating a dilute solution of CaCl2 at 70 ® C. with excess 
of COAino2, and washing the precipitate thoroughly with hot water by decanta- 
tion. 
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platinum vessel with an aqueous solution of fixed caustic or car- 
bonated alkalies. 

Si 02 is separated from TIO 2 (titanic anhydride) by fusion with SO 2 H 0 K 0 
in a platinum crucible, and subsequent treatment with water ; the Si 02 remains 
undissolved. The Ti02 is precipitated from the acidulated aqueous solution by 
long-continued boiling. 


QUESTIONS AND EXERCISES. 

1. Give instances of crystalline and amorphous -silica. 

2. Describe the reactions for SiOa in the dry way. 

3. Classify silicates according to their solubility in water and acids. 

4. Explain the action of HF, or of CaF 2 and concentrated 8023102, upon 

silicates. 

6. Describe how amorphous silica is obtained from SiNao 4 , from quartz, or from 
felspar. 

6. How would you ascertain the presence of potassium or sodium in a silicate, 

soluble in HCl, and in a silicate, insoluble in HCl, e.g.^ in Bohemian 
glass ? 

7. Wbat is the action of caustic and carbonated alkalies upon amorphous 

silica ? 

8. How is TiOg separated from SiOg ? 

9. How is silicon detected in pig-iron ? 


BORIC ACID^ BH03 (Orthoboric acid). — Is found in nature 
both combined and in the free state. 

c 

REACTIONS IN THE DRY WAY. 

Most borates swell up when heated by themselves, and fuse into 
a transparent glass which dissolves metallic oxides, producing various 
colours. The free acid forms scaly crystals, possessing a pearly 
lustre and feeling peculiarly greasy to the touch. 

When heated to 100° C. the crystals lose water and become con- 
verted into metaboric acid, BOHo. This acid fuses to a colourless 
transparent, glassy-looking mass , — boric anhydride^ B 2 O 3 , which can 
be kept in a liquid condition without loss from volatilization. 

A mixture of SO 2 H 0 K 0 and a borate, heated on a platinum wire 
in a blowpipe flame, imparts a green colour to the flame, owing to 
the liberation of boric acid. 

To detect traces of boric acid before the blowpipe, the borate is 
powdered and mixed with SO 2 H 0 K 0 and Car 2 .* (Comp, page 137). 
The mixture is made into a stiff* paste with a few drops of water, 
and cautiously introduced, on the loop of a platinum wire, into the 
inner blowpipe flame, when the outer flame acquires momentarily a 
yellowish-green owing to the volatilization of boric fluoride, BPs. 
Phosphates as w^dl as copper salts, when moistened with sulphuric 
acid and heated in the outer flame, give likewise a green tint to the 
flame. 

* Three to four parts of the flux (consisting of one part of powdered CaF 2 
and four and a half to five parts of SO 2 H 0 K 0 ). 
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REACTIONS IN THE WET WAY. 

We employ a solution of borax, 3405^002. 

The allcaline borates are soluble in watei\ all others are di^cultly 
soluble^ but none are absolutely insoluble. All borates dissolve in acids 
and ammonic chloride. 

The precipitates produced by double decomposition of a soluble 
alkaline borate with salts of the alkaline earths, or with plumbic, 
argentic, mercurous, or ferrous salts, etc., are white or yellow ish-white, 
and are readily soluble in acids and ammonic chloride. 

The free acid dissolves in water and alcoliol, and its solutions 
impart to a Bunsen gas flame fine green colour. An alcoholic solu- 
tion placed in a porcelain dish burns, when ignited, with the same 
characteristic flame, and the colour becomes all the more perceptible 
when the burning alcohol is stirred with a glass rod. It does not 
show in the presence of alkaline hydrates or carbonates, or of any 
other base. The reaction is equally vitiated by the presence of sodic 
or calcic chloride, or even by the j)resence of small quantities of an 
alkaline tartrate, free tartaric or phosphoric acid ; but the green 
becomes again perceptible on the addition of a little concentrated 
sulphuric acid. 

A green flame (of a somewhat greenish-bine tint, however) is obtained also 
by heating many metallic chlorides with alcohol and concentrated sulphuric acid 

r cu 

(owing to the formation of ethylic chloride, -< a-lso by passing hydro- 

chloric acid gas into the flame of burning alcohol. 

Boric acid, when combined with bases, requires flrst to be 
liberated, by the addition of a little concentrated sulphuric acid, 
before its alcoholic solution can produce the green flame. 

If a borate cannot be decomposed by sulphuric acid, it is fused 
with potassic hydrate, and the fused mass taken up with alcohol. 
On the addition of concentrated sulphuric acid, the burning alcohol 
shows the characteristic green flame. • 

An aqueous solution of boric acid cannot be evaporated without 
loss of acid from volatilization. 

An alcoholic solution of boric acid colours turmeric paper reddish^ 
hrown^ especially on drying the strips of paper in a warm place (a 
water-oven). This colour becomes more intense in the presence of 
hydrochloric or sulphuric acid (even in the presence of nitric or 
tartaric acid). The colour produced by heating turmeric paper 
with hydrochloric acid is blackish-brown,^ and must not be con- 
founded with the colour produced by boric acid. The dried paper 
acquires a blackish tint when dipped into alkalies. 

Hydrofluoric acid (or SO3H02 and CaF2) decomposes ^J1 borates, with for- 
mation of volatile boric fluoride, thus : — 

34051^8102 + 60aF2 *♦* ^S02 Ho 2 ~ 6SOHo2Cao” + S02]S"ao2 + 4BF3 -t- OH3. 

and if the gaseous boric fluoride be passed into water, it forms a peculiar acid 
— hydo'ofiuohoric acid — the constitution of which is not well understood 
thus ’ 
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4BF3 + 3OH3 — 3 (BF 8 >H®') BII03. 
Hydrofluoboric 
acid. 


This acid combines with bases, forming horojluorides or JluohorateSi thus : — 
BFsjSF ILMo = BF8,KF + 0H^2* 


QUESTIONS AND EXERCISES. 

1. How is metaboric acid obtained ? 

2. Explain the reactions in the dry way for boric acid or borates. 

3. Classify borates according to their solubility in water. 

4. Explain the colour test for boric acid. 

6. How are borates, insoluble in water, examined ? 

6. Explain the action of HF upon boric acid. 

7. State how you would prepare argentic borate, plumbic borate, hydrofluoboric 

acid, and potassie fluoborate. 

8. Explain the action of borio acid upon turmeric jiaper. 


HYDROCYANIC ACID (Prassic acid), HCy.— This acid* 
consists of hydrogen and the compound radical cyanogen, Cy, mole- 
r 

cule < It forms with metallic oxides salts, called cyanides^ 

analogous in their chemical constitution to chlorides, bromides, etc. 
Cyanogen cannot be obtained by the direct combination of carbon 
and nitrogen, but an alkaline cyanide results from the action of 
caustic or carbonated alkalies upon nitrogenous organic bodies, such 
as fibrin, albumen, and gelatin at a high temperature. The best 
known cyanide, viz., potassie cyanide, KCy, unless specially purified, 
contains more or less potassie cyanate, CyKo, and potassie car- 
bonate. f 

REACTIONS IN THE DRY WAY. 

KOy and NaOy are not decomposed upon ignition in close 
vessels, as may be inferred froln their mode of manufacture ; but 
when heated with free access of air, they are converted into cyanates. 
The same change takes place, only more speedily, when potassie 
cyanide is heated with less energetic oxidizing agents, such as 
Mn02, PbO, CuO, SnO^, etc., when the metal, or a lower oxide is 
left. Heated in the presence of metallic sulphides, it is converted 
into potassie sulphocyanate, CyKs. Potassie cyanide is on this 
account a most valuable deoxidizing (desulphurizing) agent, and is 
employed in blowpipe reactions, whenever a metallic oxide (or sul- 
phide) has to be reduced to the metallic state. Cyanides of the 
heavy metals undergo decomposition upon ignition ; some (e.5^., the 
cyanides of the noble metals) break up into metal and cyanogen 
gas ; others into a metallic carbide and nitrogen (e.^., the cyanides 

* The compoundB which the radicals cyanogen, ferro- and ferricyanogen, etc., 
are capable of forming will be treated somewhat more fully, since a thorough 
imderstanding of the various reactions is necessary, in omer to successfully 
analyse cyanogen compounds. 



SINGLE CYANIDES. 


151 


of iron) ; others again (such as AgCy, HgCy 2 > OuOyj, ZnCy 2 ) 
yield cyanogen gas, metallic silver, mercury, etc., and paracyanogen, 
— a brownish-black substance, which is isomeric with cyanogen, 
and which is usually expressed by the symbol Cyn. 

This deportment of solid cyanides famishes us with ready means 
of preparing cyanogen gas, either by igniting dry HgCy 2 , or AgOy ; 
or by heating two parts of dry yellow prussiate of potash^ or commer- 
cial potassic ferrocyanide, K 4 FeCy 6 , with three parts by weight of dry 
HgCl2. 

Cyanogen is a colourless gas, of peculiar odour, burning with a 
beautiful purple or peach-blossom coloured flame, and yielding OO 2 
and N. The gas is nearly twice as heavy as air (sp. gr. 1‘8), and 
since water dissolves about four times its own volume it must be 
collected over mercury, or by downward displacement. An aqueous 
solution decomposes spontaneously into a variety of products. 
When the gas is passed through a solution of caustic potash it is 
absorbed with formation of potassic cyanide and cyanate. It is one 
of the few gases which condense to a liquid at a moderate pressure 
(3*6 atmospheres). 

All cyanogen compounds when ignited in an ignition-tube with 
excess of soda-lime, give up the whole of their nitrogen as ammonia. 


REACTIONS IN THE WET WAY. 


The cyanides of the alhali metals and alkaline earthy metals 
are soluble in water, the former readily, the latter with difficulty. 
The cyanides of the heavy metals are insoluble in water, with the 
exception of HgCy 2 ; but are for the most part soluble in a solution 
of potassic cyanide, forming soluble double cyanides, which are fre- 
quently crystalline, and which upon ignition are decomposed like 
single cyanides, i,e,, the cyanide of the heavy metal breaks up into 
metal and cyanogen, or metal, carbon (carbide ?) and nitrogen, 
whilst the allmline cyanide is not decomposed, and can be dissofred 
out from the residue. • 

The following is a list of some of the more important single 
cyanides, ix,, cyanides which contain only one metal : — 


Potassic cyanide, soluble in water 
Sodic 


Baric 

Zincic 

Cadmic 

Nickelous 

Cobaltous 

Ferrous 

Cuprous 

Mercuric 

Argentic 


difficultly soluble in water 
insoluble in water . . 


soluble in water 
insoluble in water 


. KCy 
. NaCy 
, BaCy2 
. ZnOya 
, OdOyg 
. NiCyj 
. OoCys 


FeCys 

'Cu'sCy, 

H8rCy2 

AarCy. 


Some of these single cyanides are readily decomposed by acids, 
with evolution of hydrocyanic acid ; others, especially the cyanides 
of iron, cobalt, and the noble metals (Au,Pt), may be boiled with 
moderately strong acid*^, without decompoiiitlon. 
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The action of dilute acids upon double cyanides shows clearly 
the existence of two distinct classes of double cyanides, viz. : — 

1st. Double cyanides which are readily decomposable, giving off 
hydrocyanic acid, when heated with dilute mineral acids. They pos- 
sess an alkaline reaction. Their alkaline cyanide is decomposed by 
dilute mineral acids into HCy and a salt of the alkali metal, and 
into a cyanide of the heavy metal, which remains in combination 
with the liberated HCy ; or the latter is evolved and the metallic 
cyanide is precipitated ; or both cyanides are decomposed, and the 
whole of the HCy is liberated, e.g . : — 

(1) KAgCya + N02Ho=AgCy -f HCy + NO^Ko. 

Precipitated. 

(2) K 2 Zn"Cy 4 + 4HC1 = ZnCl^ + 2KC1 -f 4HCy. 

2nd. Double cyanides ivhich possess a neutral reaction and give off 
no hydrocyanic acid, when treated ivith dilute hydrochloric acid, the 
negative element of the acid forming a salt with the alkali metal, whilst 
the hydrogen or positive element, by uniting with the remaining 
elements, forms a new acid of a more complex nature, thus : — 

K4FeCyc + 4HC1 = H4reCy6 + 4KC1. 

Hydrofcrrocyanic 

acid. 


K6Fe2Cyi2 4' 6HC1 H6Fe2Cyi2 “j* 6K.C1. 

Hydroferricyanic 

acid. 

K6Co2Cyi2 + 6HC1 = HeCo2Cyi2 + OKCl. 

^ Hydrooobalticyanic 

acid. 

The single, as well as easily decomposable double cyanides, which 
yield hydrocyanic acid, when treated with dilute mineral acids, are 
moreover remarkable for their highly poisonous character, whilst 
these latter — the double cyanides containing a non- decomposable 
cyanogen radical {e.g., ferrocyanogen, FeCye, cobalticyanogen, Co 2 Cyi 2 ) 
— are not poisonous. 

It is obvious that all these complex cyanogen compounds — both 
decomposable and non-decomposable — ^may likewise be viewed as 
double cyanides. 

The following list*** contains some of the more interesting double 
cyanides, i.e., cyanides containing more than one metal ; the easily 
decomposable class being indicated by a comma placed between the 
cyanogen and the metal : — 


* 

Dipotassic zincic tetracyanide K^ZiijCy^. 

„ cadmic „ K 2 Cd,Cy 4 . 

„ nickelous „ K 2 Ni,Cy 4 . 


* Kekul4, Lehrbuch der organischen Chemie, I, p. 314. 
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PotaBsic argentic dicyanide KAgjOya- 

„ aurous „ KAu',Cy2. 

„ auric totracyanide KAu'",Cy4. 

Dipotassic cuprous tetracyanide K 3 'Cu' 2 ) 0 y 4 . 

„ platinous „ 

Tetrapotassic diplatinic decacyanide K4/Pt/"2Cyio. 

„ ferrous hexacyanide (potassic 

ferrocyanide, yellow prussiate) K4,FeCy6, 

Hexapotassic diferric dodecacyanide (potassic 

ferricyanide, red prmsiate) KgjPoaCy 12. 

Hexapotassic dicobaltic dodecacyanide (potas- 
sic cobalticyanide) K6,Co2Cyi2. 

Hexapotassic dichromic dodecacyanide K6,Cr2Cyi2. 

„ dimanganic „ K6Mn2,Ci2. 


If we take, however, into account the different deportment of 
these double cyanides with dilute acids aud with ferroso-ferric salts, 
with which the easily decomposable double cyanides give, from an 
acid solution, a precipitate of Prussian blue, whilst the others — the 
difhcultly decomposable double cyanides — yield no hydrocyanic acid, 
when treated with dilute acids, and produce (with the exception of 
the feiTO- and ferricyanogcn compounds), no precipitate of Prussian 
blue with ferroso-ferric salts and hydrochloric acid, it becomes 
evident that the complex groups of elements^ ferrocyanogen^ FeCye, 
ferricyanogen, Fe^Cju^ cohaltlcyanogen, Co2Cyi2, etc., tvhich behave 
nice cyanogen (itself a complex group of two elements, of carbon and 
nitrogen, or a compound radical), may likewise he viewed as compound 
radicals* if by this term wc denote a group of common and constant 
constituents found in a whole series of compounds, and capable of 
replacing multiples of Cl, Br, etc., in constant atomic proportions. 

We are able, for instance, to produce by double decomposition, 
precipitates with soluble salts of almost all the heavy metals in 
which the potassium — or positive radical — is either entiif^ly or 
partially exchanged for an equivalent quantity of a heavy metal, 
whilst the negative group of elements remains unaltered, thus : — 

KiFeCye + SO^Cuo" = KgCu'-FeCye + SO^Koa, or 

+ 2SO2CU0" = Cu^^FeCyo + 2SO2K02. 

On the addition of an alkaline hydrate or carbonate, the whole 
of the heavy metal is removed as hydrate, with formation of potassic 
ferrocyanide. 

Easily decomposable soluble double cyanides give likewise preci- 
pitates with solutions of heavy metals, e.gr., 

2KAgCy2 + SO^Zno" = Zn"Ag26y4 + SO^Koo; 

Precipitated. 

but there is no evidence to show whether these precipitates are real 

* Compound bodies, containing the complex radicals ferro-, fehi-, etc., 
cyanogen are viewed here as molecular compounds, and no constitutional formulae 
have been attempted, although it woidd not be difficult to assign such formula 
to them, if the functions which the carbon and nitrogen atoms play in these 
compounds were sufficiently established. ^ 
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compounds or only mixtures of two insoluble cyanides ; nor is there 
any proof that alkaline hydrates reproduce the original double cya- 
nide. Dilute sulphuric acid decomposes ZnCy2 in the above preci- 
pitate, AgCy being left behind ; just as if no connection had ap- 
parently existed between the two cyanides. Alkaline hydrates or 
carbonates are without action upon easily decomposable cyanides, 
A few are decomposed by sulphuretted hydrogen, e.^., K 20 dCy 4 , 
K2HgCy4, KAgOy2, with precipitation of a metallic sulphide; in 
others, such as K2MnCy4, K2NiCy4, K2ZnCy4, and K2CuOy4, the 
metal is only partially precipitated as sulphide, whilst K4Fe"Cy6 
and K2Co"Cy4 are not precipitated at all. 

It is evident from these changes that easily decomposable aud 
difficultly decomposable double cyanides (ferro-, ferri-, cobalti-, and 
chromi-cyanides) differ not so much in their chemical structure and 
habitus, as in the degree of stability which they exhibit, varying 
with the individual nature of the metal which they contain. 

We employ A solution of potassic cyanide, KCy. 

N02Ago gives a permanent white curdy precipitate* of arsrentlc 
cyanide, AgCy, only, when more than lN 02 Ago has been added for 
every 2 KCy. The precipitate is insoluble in dilute nitric acid, 
soluble in ammonic hydrate, sodic hyposulphite, and potassic 
cyanide. AgCy resembles AgCl so very closely that special experi- 
ments are required to distinguish it from the latter, or to detect 
hydrocyanic acid in the presence of a chloride. 

This maybe done ( 1 ) by boiling with dilute HCl (or less readily 
with SO2H02), when HCy is evolved ; ( 2 ) by igniting a mixture of 
AgCl and AgCy, which has been entirely freed from argentic nitrate 
by washing with hot water, when AgCy is decomposed into cya- 
nogen, •metallic silver, and paracyanogen. AgCl, on the other 
hand, fuses like AgCy, but without decomposition. On dissolving 
the residue in nitric acid and filtering, a precipitate of AgCl is 
obtained, on the addition of hy(Jrochloric acid, or a soluble chloride, 
the silver of which must have been present originally as cyanide. 
(Distinction between HCl and HCy.) 

Dilute mineral acids decompose potassic cyanide readily with 
evolution of HCy. On decomposing, therefore, a small quantity 
of KCy by dilute sulphuric acid in a small porcelain dish, and 
inverting another small dish, containing a drop or two of yellow 
ammonic sulphide, over it, the gaseous hydrocyanic acid, acting 
upon the ammonic sulphide, forms ammonic sulphocyanate, CyAms, 
and AmHs, thus : — 

S2Am2 + HCy = CyAms + AmHs, 

which gives, on acidulating with hydrochloric acid, a characteristic 
hlood-7'^ coloration with Fe20l6. 

This constitutes one of the most delicate reactions for free hydro- 
cyanic acid, as well as for soluble or easily decomposable cya/nides, 

* HgOys is not precipitated* by arjj^eiidic nitrate. 
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SO2OU0", to which a solution of SOH02 has been added, gives 
with KCy a white precipitate of cuprous cyanide, 'Cu'2Cy2, soluble 
in potassic cyanide (K2'Cu'2Cy4). 

N204Hg2o" gives a grey precipitate of metallic mercury, whilst 
HgCy2 remains in solution, thus : — 

'Hg'2Cy2 = Hg + HgCy2. 

Iron salts are among the most delicate reagents for hydrocyanic 
acid, or for soluble cyanides, on account of their tendency, especially 
in the presence of potassic hydrate, to form difficultly decomposable 
double cyanides (containing the compound acid radicals ferro- and 
ferri-cyanogen), which are of a characteristic blue colour. (Hence 
the name cyanogen, from Kvavo^^ blue, and I generate. ) The 

solution containing hydrocyanic acid, or a soluble cyanide, is first 
treated with a little potassic hydrate, then with a mixture of a ferrous 
and ferric salt (obtained by exposing a solution of ferrous sulphate 
for some time to the air), and heated. On the addition of dilute 
hydrochloric acid, in order to dissolve the ferrous and ferric hydrates, 
precipitated by the potassic hydrate, a fine blue precipitate or, in 
the case of a trace of HCy only, a green suspension of Prussian blue 
is obtained. The changes may be, expressed by the equations — 

( 1 ) KHo + HCy = KCy + OH2. 

( 2 ) S02Feo" + 2 KCy = Pe"Cy2* + SO2K02. 

• 

P6Cy2, by combining with 4 KCy, forms the soluble double 
cyanide ^FeCye. 

( 3 ) 2 S 30 oFe 20 ^ + SK^FeCyo = 3 Fe"Cy 2 , 2 'Fe"' 2 Cy 6 + 6SO2K02. 

• 

Free hydrocyanic acid dissolves mercuric oxide, with formation 
of mercuric cyanide, which is not precipitated by alkalies. HgCy2 
exhibits considerable stability, compared with other cyanogen com- 
pounds. Boiling dilute SO2H02 does not decompose it. HCl breaks 
it up into HgCl2 and HCy. When SHg is passed through its 
aqueous solution it is decomposed into HgS and HCy. 

The alkali salts of the compound cyanogen radicals, FeCye, 
Fe2Cyi2, Co2Cyi2, are decomposed by moderately concenti*ated sul- 
phuric acid with evolution of hydrocyanic acid. 

This furnishes us with a convenient method for preparing a solution of 
hydrocyanic acid. Ten parts by weight of K 4 FeCy 6 (yellow prussiate of potash) 
are distilled in a flask or retort with 36 to 40 partS*of dilute sulphuric acid (one 
of acid to six of water) . The flask or retort is connected with a Liebig’s con- 
denser and double-necked receiver, from which any uncondensed gas can be 
carried under a Bunsen lamp, and burnt. Eveiy joint should be made perfectly 
tight, and the condenser-tube should dip into the water placed in the receiver. 
The reaction takes place according to the equation : — 


* PeCya is difficultly obtained in an isolated condition, as it forms in the 
presence of KCy potassic ferrocyanide, K 4 FeCye, containing the compound 
cyanogen radical FeCye, which in its turn reacts upon the ferric salt. 
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2K4FeCy6 + 3 SO 3 H 03 = 6RCy + K 2 Fe"FeCy 6 + SSO^Koq. 

White residue 
turning blue by exposure 
to the atmosphere. 

A solution of HCy, when left to itself, undergoes spontaneous 
decomposition, giving rise to the formation of several complex 
organic bodies, among which we find chiefly ammonic formate. A 
few drops of a mineral acid (SO 2 H 02 dilute) added to the aqueous 
solution retards this decomposition considerably. 

Hydrocyanic acid is exceedingly poisonous. Small quantities 
of the gaseous acid, when inhaled, cause a peculiar sensation in the 
throat, and are followed by headache, giddiness, and other disagree- 
able symptoms. Great care must therefore be taken in operating 
with HCy, as for instance, on pouring it from one vessel to another, 
or with cyanogen compounds generally, and for the purposes of 
analysis small quantities only should be operated upon at a time. 


HYDROPERROCYANIC ACID, H^FeOye— This acid is 
tetrabasicy i.e., its four hydrogen atoms can be replaced by four 
atoms of a monad or two atoms of a dyad metal. The potassium 
salt is prepared on a manufacturing scale by introducing nitrogenous 
animal substances (horn-shavings, etc.) and iron into fused wood- 
ashes. The fused mass is lixiviated with water and the salt allowed 
to crystallize out. It may also be prepared by decomposing Prussian 
blue with KHo or COK 02 and separating the ferric hydrate by 
filtration, thus : — 


3Fe"Cy3,2'Fe'"2Cy6 + 12KHo = 3KiFeCyr, + 2Pe2Ho6. 


Potassic ferrocyanide, KiFeCye + ^^Aq, crystallizes in large 
lemon-yellow crystals ; hence its name yelloiv ^)russiaie of potash. 
Its positive element (potassiiyn) can, by double decomposition, 
be replaced by other metals, either entirely 01 * partially, and the 
property of cyanogen to form double cyanides is well illustrated 
by the deportment of the more complex ferrocyanides. This will 
be seen from the following list of some of the more common 
ferrocyanides : — 


K 4 FeCy 6 + 3Aq. 
Na 4 FeCy 6 + 6Aq. 
Ain4FeCy6 + 3Aq. 
Ba" 2 FeCy 6 + 6Aq. 
KsBa^^FeCyg + 3Aq. 
Ca" 2 FeCy 6 + 12Aq. 


E: 2 Ca"FeCy 6 + 3Aq. 
CugFcCyg + 4Aq. 
K«Cu"FeCy6 + 2Aq, 

KlFe"FeCje- 

NaKgFeCye + 3Aq. 
AmKaFoOyg + 3Aq. 


'‘reactions in the dry way. 

K 4 FeCy 6 fuses, when strongly ignited, and breaks up into nitro- 
gen, potassic cyanide, and carbide of iron, or a mixture of carbon 
and iron, thus : — 

K 4 FeCy 6 = 4KCy + C 2 Fe + N 2 . 
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Heated with free access of air, or in contact with metallic oxides, 
the KCy is further converted into potassic cyanate,'CyKo. 

REACTIONS TN THE WET WAY. 

We employ a solution op potassic ferrocyanide. 

The alkaline f err ocyannles are readily sohMe in ivater^ the alkaline 
earthy ferrocyanidea are difficultly soluble ; those of iron and most 
other metals are msoluhle in water^ and many of them also insoluble in 
acids. They are decomposed on boiling with potassic hydrate with 
formation of a solution of potassic ferrocyanide, and an insoluble 
metallic hydrate. Some ferrocyanides are remarkable for their 
characteristic colour, notably so those of iron and copper ; others 
are white, e.r/., those of the alkaline earthy metals, of Zn, Pb, Ag, 
Hg; greenish-white, e.g., Ni" 2 PcCy 6 , Co" 2 PeCy 6 ; reddish-white, e.g., 
Mn" 2 FeCy 6 . Potassic ferrocyanide is employed, on this account, as 
a useful reagent in the qualitative examination of metals, especially 
of iron and copper. 

NOoAgo produces a white precipitate of argpentic ferrocyanide, 
Ag 4 FeCy 6 , insoluble in dilute nitric acid and ammonic hydrate, 
soluble in potassic cyanide. 

SO 2 CU 0 ", added in excess, gives with a solution of K 4 FeCyfia red 
{chocolate-coloured) precipitate of*dIcuprlc ferrocyanide, Cu^gFeCyo, 
whilst an insutficient amount of the cupric salt gives a brown pre- 
cipitate of dlpotasslc cupric ferrocyanide, K 2 Cu"FeCy 6 . 

S 02 Feo" gives a light blue precipitate of dlpotasslc ferrous ferro- 
cyanide, K 2 Fe"FcCyc, thus : — 

K4FeCy6 + S02Feo" = K2Fe"FeCyc + SO 2 K 02 , 

which is slowly oxidized by exposure to the air, or rap^ly, by 
oxidizing agents, such as nitric acid, or chlorine water : a part of 
the potassium being removed as oxide, or chloride, thus : — 

2Fe"K2FcCy6 + CI 2 = + 2KC1, 

Light blue DiferrouB dipotassic 

precipitate. ferricyanide. 

or potassic ferricyanide in which four atoms^of potassium have been 
replaced by two atoms of dyad iron. 

Potassic ferrocyanide is, in fact, readily converted into potassic 
ferricyanide, K 6 Fe 2 Cyi 2 (analogous to the conversion of ferrous salts 
into ferric salts), by various oxidizing agents, such as chlorine, 
nitric acid, potassic chlorate and hydrochloric acid, etc. 

Pe^Cle gives an intensely precipitate of 3Fe"Cy2, 2 'Fe'" 2 Cy 6 , 
called Prussian blue, thus : — 

3K4FeCy6 + Pe2Cl6 = 3Fe"Cy2,2Te"'2Cy6* + 12KC1, 

which constitutes at once a most characteristic and delicate reaction 
for ferric salts and for ferrocyanogen (as well as for cyanogen, as 
has been already shown). This precipitate is insoluble in dilute 
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mineral acids, but dissolves in oxalic acid to a blue liquid (blue ink), 
and in ammobic tartrate to a violet liquid. It is decomposed by 
caustic alkalies, as well as by calcic and even more readily and 
completely by magnesic carbonate (magnesite). On boiling with 
mercuric oxide, Prussian blue is entirely decomposed into HgCya 
and ferrous and ferric oxides, thus : — 

3Fe''Cy2,2'Fe'"2Cy6 + 9HgO = mgCj, + 3PeO -h 2Te^Os. 

By adding an insufficient amount of Fe2Clfi to a solution of K4FeCyp, a blue 
precipitate is likewise obtained, which is, however, soluble in water, and is there- 
fore called soluble Prussian blue (used for inks). It is generally thought to be 
composed of one part of Prussian blue and one of potassic ferrocyanide. 

Concentrated sulphuric acid (about 10 parts by weight) decom- 
poses potassic ferrocyanide (1 part by weight of the dry salt), with 
evolution of carbonic oxide (method for preparing carbonic oxide) ; 
the nitrogen of the cyanogen, being converted into ammonia, is left 
as ammonic sulphate, thus : — 

K4FeCy6 + 6SO2H02 + 6OH2 = 6CO + 2802^02 + SOaPeo" 

“I" 3SO2-AJ3102. 

When concentrated hydrochloric acid is added to an alkaline 
ferrocyanide, hydroferrocyanic acid separates in the cold, as a white 
crystalline powder, which turns rapidly blue. If ether be added 
to the solution of potassic ferrocyanide, previous to its precipitation 
with concentrated hydrochloric acid, the acid is obtained quite 
colourless. 


HYpROPERRICYANIC ACID, H 6 Fe 2 Cy, 2 .— This acid is 
hexabdsic, since its six atoms of hydrogen may be replaced by six 
atoms of a monad metal, or by three atoms of a dyad metal. 
Potassic ferricyanide is derived from K 4 FeCyG by a process of oxida- 
tion, as, for instance, bypassing chlorine into an aqueous solution of 
it, till a solution of ferric chloride produces no longer a blue precipi- 
tate, but imparts merely a brown coloration to the liquid. The 
change is expressed by the equation 

2K4FeCy6 + CI 2 ~ K6Fe20yi2 + 2KC1. 

It is effected by the abstraction of two atoms of the metal potassium 
from two parts of K 4 FeCy 6 . Two atoms of cyanogen are transferred 
to two molecules of PeCy 2 , whereby the ferrous cyanide is converted 
into ferric cyanide. 

It is also called red prussiate of potash^ on account of the dark 
red coloured crystals, which can be separated from potassic chloride 
by crystallization.^ 

Beduting agents convert it into potassic ferrocyanide, especially 
in alkaline solutions. The transformation is effected by the addition 
of two atoms of the metal potassium. The ferric cyanide in the 
double cyanide is reduced to ferrous cyanide, thus : — 
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6KOy/Fe'"aCy6 + = 8KCy,2Fe"Cy2, or 2(4KCy,FeCy2) 

= 2K4FeCy6. 

The following are instances of indirect oxidation effected by 
potassic ferricyanide : — 

SH 2 conyerts the ferri- into a ferrocyanide, with separation of sulphur, 


K1 „ 

»» 


with precipitation of iodine, 

Or.O., or its salts, in 

the presence 

of KHo 

is converted into OrOs, 

PbO 

» 

1) 


PbO.„ 

UnO „ 

»» 

j> 

n 

MnOa, 

SnO 

COHo 

»> 



SnO„ 

OOj, 

COHo 

)» 

>» 

>> 

KCy 

» 

>» 

a 

CyKo, 

PjOs 

a 


a 


SO. 

»> 

)» 

»> 

SO3. 


NH3 gives with K6Fe2Cyi2 potassic and ammonic ferrocyanides 
with evolution of nitrogen gas, thus : — 

GKcFe^Cyia + I6NH3 = OK^FeCyc + SAniiFeCye + N4. 

Many organic substances, sugar, dextrine, starch, alcohol, 
and even paper, are oxidized, in the presence of an alkali, to CO^ 
and OH2. Indigo is bleached. “Phosphorus, sulphur, and iodine 
are converted by the action of K6Pe2Cyi2, in the presence of alkalies, 

into POHoj, SO2H02, ^ ojJq* 

Analogous to potassic ferrocyanide, ferricyanogen forms double 
ferricya^iides^ by the partial or entire replacement of the six atoms of 
the positive element, potassium, by different metals. The following 
are some of the more important metallic ferricyanides : — 

K^'Fe^Cju Bei"2K<,Fe.Cju + 3Aq. ’ 

NafiFe2Cyi2 + Aq. Fc^aFciCyio (Turiibuirs blue). 

Cai^^3Fe2G'yi2 6Aq. 

REACTIONS IN THlfi PRY WAY. 

Potassic ferricyanide is decomposed upon ignition, yielding 
cyanogen and nitrogen, and leaving a residue, consisting of potassic 
cyanide, potassic ferrocyanide, Prussian blue, paracyanogen, carbon 
and iron. 

REACTIONS IN THE WET WAY. 

We employ A solution of potassic ferricyanide. 

The allcaline ferricyanides are readily soluble in water. The others 
a/re mostly insoluble. 

UfOiAgo produces an orange coloured precipitate of anrentlc ferri. 
cyanide, Ag6Fe2Cyi2, insoluble in dilute nitric acid, but readily solu- 
ble in ammonic hydrate, and potassic cyanide. • 

S02Feo" gives a blue precipitate (TurnbulVs blue) of Fe^'sPe2Cyi2, 
triferrous ferricyanide, which is decomposed by potassic hydrate into 
potassic ferrocyanide and ferroso- ferric hydrate : — 

Fe^^3Fe2Cyi2 4" 8KH0 = 2K4FeCy6 + P6304,40Il2« 
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Pe2Cl6 produces no precipitate, but gives a broivnish coloration. 
The deportment of potassic ferro- and ferricyanide with iron salts 
enables us to distinguish betiveen ferrous and feiric salts. 


HYDROCOBALTICYANIG ACID, B Co'" Solutions of cobaltous 
salts are precipitated by KCy. The precipitate consists of flesh-coloured or 
cinnamon-brown cobaltous cyanide, CoCyo. Excess of potassic cyanide dissolyes 
the precipitate, forming a readily decomposable double cyanide, which, on 
boiling, or on the addition of HCl, is converted into a diflicultly decomposable 
double cyanide, analogous to potassic ferricyanide, with evolution of hydrogen, 
thus : — 


2(4KCy,CoCy2) + 2OH2 = K0Co2Cyi2 + 2KHo H2. 

Potassic cobalti- 
cyanide. 

This double cyanide is of great interest, because it enables us to separate 
cobalt from nickel^ both qualitatively and quantitatively. 


CYANIC ACID, CyHo. — Obtained in the form of potassic cyanato by the 
oxidation of KCy or K4FcCy6. This salt is very stable when heated by itself, 
but deliquesces in the air, and is broken up by water into an acid carbonate and 
ammonia, thus : — . ^ 


CyKo 20n2 « COHoKo + NDg. 

Fotassic cyanate is invariMy found in commercial potassic cyanide ^ sometimes 
to a considerable extent. 


EEACTTONS IN THE HEY WAY. 

It acts as a flux in blow])ipe reactions, and is a powerful oxidiziny agent. 
When heated with charcoal, it is converted into KCy, CO, and CO2. On heating, 
thereforfj, a metallic oxide on charcoal, with KCy containing CyKo, the oxide is 
reduced to the metallic state. 

EEACTIONS IN THE WET WAY. 

The cyanates of the alkalies, alkaline earths, and a few metallic oxides are 
soluble in water, hut decompose rapidly with evolution of ammonia. The cyan- 
ates of silver, lead, mercurosum, cupricum, are insoluble in water, 

N02Ago produces with potassic cyanate a white precipitate of arg^entlc 
cyanate, CyAgo, soluble in ammonic hydrate, and in dilute nitric acid ; AgCy is 
insoluble in nitric acid. 

Moderately concentrated sulphuric or hydrochloric acid decomposes CyKo 
with effervescence, owing to the liberation of CyHo, which affects the eyes most 
painful^, and is recognised by its pungent odour, resembling that of strong acetic 
acid ; the greater portion of the liberated acid is, however, decomposed at once 
by water into CO3, and an ammonic salt, thus : — 

2CyKo -f- 2SO2H02 2OH2 = 2OO2 SO2K02 S02Amo2, 

and it is by testing for ammonia, by means of caustic lime, that its presence can 
be shown. 


SITLPHOCYANIC ACID, CyHs. — Obtained in combination with potas- 
sium by heating KCy with sulphur or a metallic sulphide. Hence the usefulness 
of potassic cyanide for reducing metallic sulphides in blowpipe reactions. 
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EEACTIONS IN THE DEY WAY. 

CjKs can be fused out of contact with the air, without undergoing decom- 
position. It turns first brown, then green, and lastly indigo blue, but becomes 
again colourless on cooling. In contact with the air, CyKs is converted into 
cyanate and sulphate, with disengagement of SO2. The sulphocyanates of the 
heavy metals are decomposed upon ignition, CS2 being given off at first, and on 
raising the temperature a mixture of nitrogen and cyanogen is evolved, whilst a 
metallic sulphide is left : — 

4p^Cu8" = Na + 3 "f + 2 CS 2 + 4CuS- 


EE ACTIONS IN THE WEI WAY. 


We employ a solution of ammonic sulphocyanate, CyAms. 

N02Ago produces a while curdy precipitate of argrentlc sulphocyanate, 
CyAgs, insoluble in water and in dilute acids; it is soluble in ammonic hydrate, 
from which it crystallises out on evaporation. It is also soluble in CyAms or 
CyKs, forming a double sulphocyanate (CyAgs, CyKs), from which water or 
hydrochloric acid precipitates granular — ammonic hydrate, crystalline CyAgs. 

SO2CU0'' gives a hlach crystalline precipitate of cupric sulpfiocyanate. 


which, on standing in the liquid is converted into cuprous sulpho* 


cyanate, go...- 


This characteristic cuprous salt is obtained instantly by 

adding SOHog, or a solution of a ferrous isalt to the cupric salt. 

Pe^Clj produces an intensely red solution^ owing to the formation of a soluble 
ferric aulphocyanate, Cy(jFe2S’^*. Alkaline sulphocyanates furnish us, on this 
account, with a most delicate reaction for ferric salts. This reaction serves also 
for the detection of sulphocyanogen and hydrocyanic acid. The blood-red colour 
is destroyed by HfirCl2. On introducing some metallic zinc into the blood-red 
solution, SH2 is evolved- 


QUESTIONS AND EXERCISES, 

1 . Explain the derivation of the term cyanogen. ' 

f CN 

2 . Why are -j 'FeCje and 'Fe^Cjis viewed as compound radicals ? 

3 . How are KCy and K4FeCy6 prepared ? Describe their properties, as far as 

the analytical data illurtrate them. *• 

4 . Explain the action of heat upon KCy and K^FeCye, Istj out of contact with 

air ; 2 nd, with free access of air. 

6 . What constitutes the usefulness of KCy as a reagent for blowpipe experi- 
ments ? 

6 . Explain the changes which cyanides of the heavy metals undergo upon 

ignition, 

7. How would you prepare cyanogen gas ? Describe its properties, 

8 . Classify cyanides according to their solubility in water. Enumerate some of 

the more important single cyanides. ^ 

9 . What is understood by soluble double cyanides ? How are they classified, 

and how can the easily decomposable double cyanides be distinguished 
from the difficultly decomposable double cyanides ? 

10 . Enumerate, 1 st, easily decomposable double cyanides ; 2 nd, difficultly decom- 

posable double cyanides. • 

11 . G-ive reasons for tbe existence of the compound radicals ferro-, f^rri- and 

cobalticyanogen in tbe double cyanides K4FeCy^, Fb"3Pe2Cyi2, 
Cu" 8 Co 2 Cyi 2 . 

12 . Explain the action of dilute acids upon single cyanides and upon easily 

decomposable double cyanides. 

13 . Explain the difference between a precipitate, produced by a solution of a salt 

M 
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14 . 


16 . 


16 . 

17 . 


18 . 


19 . 

20 . 
21 . 
22 . 
23 . 


24 . 

25 . 


26 . 

27 . 

28 . 

29 . 

30 . 


31 . 

32 . 

33 . 


34 . 

35 . 

36 . 


37 . 


38 . 

39 . 


40 . 


of a heavy metal with a solution of an easily decomposable double cyanide, 
or with an alkaline ferro- or ferricyanide. 

What is the action of hydrated and carbonated alkahes upon the two classes 
of double cyanides ? 

Explain the action of SHj upon the following cyanides and double 
^anides: HffCy2, K 2 C 5 dCy 4 , KAgCy2, K2MnCy4, K 2 C^^y 4 > ^ 2 ^ 0 ^ 74 ) 
42NiCy4. 

How is AgCy distinguished from AgCl ? 

Describe the action of HCy upon S2Am2, and explain how traces of HCy 
can be detected, in the presence of ferro- or ferricyanogen (jompounds. 

How would you demonstrate the greater stability of HgrCl2 over that of 
HgrCy2? 

Explain the use of ferroso-ferric salts for the detection of HCy. 

How is HCy prepared ? Describe its properties. 

Describe shortly how yellow priissiate of potash can be prepared. 

Enumerate some of the more common ferrocyanidcs. 

How would you examine a fcrrocyanide insoluble in acids, e.g.^ Prussian 
blue 1 

Explain the action of KHo upon Prussian blue and upon TurnhulVs blue. 

Explain what reactions ferrous and ferric salts give with ferro- and ferri- 
cyanides. 

Explain the formation of soluble Prussian blue. 

What is the action of dilute or of concentrated sulphuric acid upon potassic 
ferrocyanide ? 

State how H4FeCyg is prepared. 

Explain the conversion of potassic ferro- into ferricyanide. 

Give instances of the oxidizing action of potassic ferricyanide in alkaline 
solutions. 

Enumerate some of the more important metallic ferricyanides. 

How can argentic ferro- and fenveyanides be separated from each other ? 

What decomposition takes place when ferro- and ferricyanides are fused with 
a mixture of ammonic sulphate and nitrate ? 

How is CyHo recognized in the presence of a cyanide ? 

What is the action of concentrated SO2H02 upon a cyanate ? 

What reactions take place when potassic cyanate is heated with charcoal, 
with MnOo, or with OH2 ? 

Explain the formation of potassic sulphocyanato, and state what change it 
undergoes when heated in contact with air. 

Explain the action of nascent hydrogen upon ferric sulphocyanate. 

Why does potassic sulphocyanrfte enable us to distinguish between ferrous 
and ferric salts ? 


Calculate the percentage composition of cuprous sulphocyanate. 


gjOu^s". 


Chapter VIII. 

REACTIONS OF THE ACIDS. 

B. Organic Acids. 

Most organic acids cannot be distinguished qualitatively as readily 
as inorganic acids. A few of the more generally occurring acids 
which can be readily detected, claim a short notice. 

The greater number of organic acids consist of carbon, hydro- 
gen, and oxygen ; some also contain nitrogen. There is no organic 
acid known containing only two single atims of an element, and 
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only one containing three, viz., hydrocyanic acid, HCN ; whilst the 
number of atoms in a molecule of most organic acids, as for in- 
stance in stearic acid, C 18 H 36 O 2 , is far greater than in any inorganic 
compound. 

The element with which oxygen, hydrogen, and nitrogen are 
grouped in organic acids is carbon^ which in most cases, probably 
in all, acts as a tetrad element.* 

Groups of elements performing similar functions in organic acids, 
and built up invariably in the same number, are called compound 
organic radicals, 

Nearly every organic acid contains one acidifying principle of 
two negative compound radicals, e.g , : — 


f ON''' 

Cyanogen (molecule) < 


Oxatyl (the molecule 
of which is dry 
oxalic acid) 


{ 


COHo 

COHo 


N.-C 4 -C~N, or 


o=c-i-c=o. 


o o 

k k 


The semi-molecule of each of these compound radicals contains 
one atom of carbon with one bond left free to combine with another 
element or group of elements, the other three bonds being satisfied, 
in cyanogen, by combining with triad nitrogen, or in oxatyl, with 
one atom of oxygen and one of hydroxyl. In the molecules the two 
free bonds of the carbon satisfy each other. 

These radicals are closely related to each other. An aqueous 
solution of cyanogen (one volume of water dissolves abcyit four 
volumes of the gas) is speedily transformed mainly into ammonic 
oxalate, thus 

/CN , _ rCOAmo 

|CN 4OH2 IcOAmo* 

In the presence of a boiling solution of potassic hydrate, cyanogen 
evolves ammonia and produces potassic oxalate, thus : — 

+ 2KHo + 20H. = {colo + 2 NH 3 


from whicli salt oxalic acid can be obtained. 

Oxalic acid, on the other hand, may be converted into cyanogen, 
by transforming it into ammonic oxalate and submitting this salt to 
the action of heat, thus : — 


fCO(NHiO) _ 
\C0(NH*0) - 


r ON'" 
\ ON'" 


+ 404 . 


Oxalic acid, or the molecule of the compound radical oxatyl, 
results from the oxidation of a large number of organic bodies, e.y., 

* Frankland : Lecture Notes, vol, ii, page 2. 

M 2 
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sugar, woody fibre, etc., by the action of powerful oxidizing agents, 
such as concentrated nitric acid, and is resolved into products of the 
final oxidation of everything organic, viz., carbonic anhydride and 
water. 

Heat, in fact, breaks up nearly all salts of organic acids. Those 
of alkaline and alkaline earthy bases, leave upon gentle ignition 
carbonates^ with separation of carbon^ and consequent blackening, 
oxalates excepted. The carbonaceous residue being soluble in water, 
indicates that the organic acid was combined with alkali metals, and 
if insoluble, with alkaline earthy bases. The decomposition is, more- 
over, accompanied in most instances by the evolution of volatile 
matter, of carbonic oxide and hydrocarbons, empyreumatic vapours 
and oils. 

In the free state organic acids are either volatile^ and can be dis- 
tilled or sublimed, generally without undergoing decomposition and 
without leaving any carbonaceous residue, as for instance, formic 
acid, and its homologues acetic acid, etc. (or the acids of the fatty 
acid series) ; benzoic acid and others, belonging to the series of 
aromatic organic acids. These acids can be removed from any of 
their saline compounds by decomposition with dilute sulphuric 
acid. Other organic acids are non-volatile^ and are decomposed 
when heated by themselves, leaving a carbonaceous residue ; and the 
acids cannot be removed from their salts by distillation with sul- 
phuric acid. 


f 

FORMIC ACID^ < qqjjq* — O btained in a great many chemi- 
cal reactions, as a product of oxidation or decomposition. It is 
usually jorepared by heating a mixture of equal weights of crystallized 
oxalic acid and glycerine to 75° C., and distilling with water — 

rCOHo _ fH .CO 
ICOHo - 4 COH 0 ^ 

Formic acid distils at 100° C. It is of interest, as being the lowest 
possible acid in the series of fatty acids, a series which most com- 
prehensively illustrates the structure of organic acids. 

By a successive increment of OH 2 , or by substituting for H — 
the positive element in formic acid — successively semi-molecules of 
the compound organic radicals methyl, CH3, ethyl, O 2 H 6 , etc., the 
whole series of fatty acids can be obtained, thus : — 


Formic acid 


H 

COHo 


c 

Acetic acid 




•H 

CH. 


i COHo 



CH, 

COHo 


O 


II 

H— C-0— H 
H O 



— 0— H 
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Propionic acid 


Butyric acid 


Stearic acid 



CA 

COHo 


H H O 

H— i— d— J—0--H 


H H 


fH 

CH* 

< CH2 or 
CH2 
tCOHo 



C3H7 

COHo 


C17H35 

COHo 


The lower members of the series of fatty acids dissolve freely in 
water, whilst the more complex fatty acids, with largely increased 
molecular weights — to mention only stearic acid — are quite insoluble 
in water. Those containing more than three atoms of carbon per 
molecule exhibit a number of isomeric modifications, as yet more 
or less imperfectly studied. 


UEACTIONS IN THE DRY WAY. 

Formates of the fixed alkalies and alkaline earthy bases, when 
heated out of contact with air, are decomposed into carbonates, and 
a little carlion, with disengagemeht of combustible gases — mainly 
carbonic oxide and hydrogen. Formates of the heavy metals give 
off CO2, CO, and OH2, leaving the metal (generally mixed with a 
little carbon). 

REACTIONS IN THE WET WAY. » 

f H 

We employ a solution of sodic formate, < CQjj^ao- 

All formates are soluble in water also in alcohol. 

Formic acid and formates are readily recognized by their pro- 

S erty of reducing salts of the noble metals, e.g.^ AuCls, N 02 A.go, 
r204Hg2o", or HgCl^, to the metallic state, with evolution of car- 
bonic anhydride. 

Potassic permanganate is likewise deoxidized by formic acid. 
Formic acid or a formate, when heated with a solution of 
potassic dichromate and oil of vitriol, is broken up, with evolution 
of CO2. , 

This reducing action distinguishes formic acid from acetic acid and 
most of its homologues. 

When heated with concentrated sulphuric acid, formic acid and 
formates are broken up into water and carbonic ®xide, which latter 
burns with a fine blue flame. (Method of preparing carbonic oxide 
GAS.) The mixture docs not blacken. The decomposition is expressed 
thus : — 


fH 


+ SO2H02 = CO + SO2H02 + OH,. 



166 


AOBTIO ACID. 


ACETIC ACID (Vinegar), | Obtained either bj the 

oxidation of alcohol, thus : — 


fCH, 

\ CH2H0 


+ 0 * — { QQJJo + OH2, 


or by the destructive distillation of vegetable substances, especially 
of wood. Pure acetic acid boils at 118° C., and is prepared by 
decomposing dry sodic acetate (5 parts by weight) with concen- 
trated sulphuric acid (G parts by weight). The crude acid is placed 
over MHO*, in order to destroy any SO2, and rectified by distillation 
over a little sodic acetate. 


REACTIONS IN THE DRY WAY. 

Acetates are decomposed upon ignition, yielding a peculiar 

f CH 

inflammable volatile liquid called acetone^ < : — 

= + {c?OH.. 

The acetates of the alkalies and alkaline earthy bases, when 
strongly ignited, leave a carbonate; those of the heavy metals 
leave either a metallic oxide, or the metal itself, mixed with 
carbon. 

Heated with caustic alkalies’ (soda-lime), dry sodic acetate gives 
off marsh-gas^ or light carhureUed hydrogen^ CH4, thus : — 

3 I + NaHo,CaHo2 = 2CO]Srao2, + COCao" + 30H«. 

The gas can be collected in the usual manner over water, and on 
applying a light it burns quietly with a yellowish flame, with for- 
mation of water and carbonic g,nhydride. It forms one of the con- 
stituents of the gas-bubbles which are seen to rise from the bottom 
of stagnant waters, where decaying organic matter has accumulated 
Hence its name marfili-gas. 

Its specific gravity is *554 when compared with air. Its mole- 
cular weight is 16, one litre weighing 8 criths. A mixture of marsh- 
gas and air — one part by volume of the hydrocarbon with 10 of air 
— explodes powerfully when a light is applied. Light carburetted 
hydrogen forms a constituent of ordinary coal-gas, and is likewise 
found in coal mines, where it gives frequently rise to explosions 
when mixed with air and fired. It is called by the mmer fire-damp. 
The atmosphere left in the workings of a coal-pit, after an explosion 
of fire-damp has taken place, is called choice-damp, or after-damp, 
consisting to a large extent of carbonic anhydride. 

REACTIONS IN THE WET WAY. 

A SOLUTION OF SODIC ACETATE, | employed. 
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All acetates are soluble in waters Argentic and mercurous acetates 
are the least soluble. 

On heating a solid acetate (or a concentrated aqueous solu- 
tion of it) with alcohol and concentrated sulphuric acid, acetic 

f CH 

ether (ethylic acetate), < (Et = ethyl) is formed which 

possesses a peculiar fragrant odour. The change is expressed 
thus 7 

{oON» + = {ooEto + SO.HoN» + OH.; 

Too much alcohol should be avoided lest common (or sulphuric) 
ether, OEt2, be formed, the odour of which would mask that of the 
acetic ether. 

By distilling an acetate with moderately dilute sulphuric acid 
in a retort, free acetic acid is obtained, which is recognized by its 
characteristic pungent odour. It cannot be oxidized by aqueous 
chromic acid. 

Fe^Clfi added to a solution of an aeeiatc, produces a deep red-coloured solu- 
tion, owing to the formation of ferric a(?etate. On boiling, the whole of the iron 
is precipitated as basic ferric acetate, in the form of hroumish-yellow flakes. 
Am Ho precipitates the iron from a solution of ferric acetate as ferric hydrate. 

Ammonic acetate, especially in the presence of ammonia, dissolves several 
insoluble sulphates, e.g.^ S02Pbo", SOgOao". 

Approximate Separation of Acetic Acid from its next higher 
Homologues. — Add enough caustic potash to convert the acetic 
acid into binacetate and distil. The acid containing the least 
number of carbon atoms, being the stronger, is first neutralized, 
and if sufficient potash has been added, the distillate is gbtained 
free from acetic acid. 


STEARIC ACID, | Found in fatty bodies, e.g., 

f CHjHo 

pure mutton fat, in combination with glycerine, < CHHo . When 

LCH2H0 

heated with solutions of caustic alkalies, the fat saponifies and the 
fatty acid forms with the alkali metal a soap^ freely soluble in warm 
water, and the glycerine separates. On decomposing the soap by 
the addition of an acid (dilute hydrochioric or sulphuric acid), the 
fat which separates is found completely changed in character. It 
has an acid reaction to test-paper when in a melted state, and is 
soluble with the greatest facility in alcohol, from which it crystallizes 

in milky- w hite needles. Its composition is C18H36O2, or | qq^- 

{ O H 
OONao’ 

contains generally — 
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20 — 26 per cent, of water 
7 — 8 „ „ soda (ONa 2 ) 

and 67 — 73 „ „ stearic acid. 

The analysis of soap is effected by treating 10 gi‘ms., cut up into 
thin slices, in a porcelain dish, with dilute hydrochloric acid, and 
heating gently for some time, till the whole of the soap is decom- 
posed. The fatty acid floats on the surface. The dish is set aside 
to cool, when the fatty acid is obtained as a solid cake, which can 
be readily removed and dried between filter paper. Sodic chloride 
is left in solution, and is obtained on evaporation in crystals. 


QUESTIONS AND EXERCISES. 

1. What elements enter into the composition of organic acids ? 

2. State which compound organic radicals are met with in organic acids, and 

show the relation which exists between them. 

3. How are the several salts of organic acids influenced by heat, and what 

inference can be drawn from this action ? 

4. Explain the structure of the several members of the fatty acid series. Give 

illustrations. 

5. How is formic acid obtained, and what changes do formates undergo, when 

heated out of (jontact with air ? 

6. How can a formate be detected in llie wet way ? Give equations. 

7. State how you would prepare pure carbonic oxide from baric formate. 

8. You have given to you plumbic formate, how would you prepare therefrom 

formic acid and sodic formate ? 

9. State how acetic acid is prepared. , 

10. What is the action of heat upon dry acetates ? 

11. How would you prepare marsh-gas ? 

12. Explain the terms fire-damp^ and choke-damp ^ or after-damp. 

13. How ciiu the composition of marsh-gas be shown experimentally ? 

14. Explain the action of acetic acid upon argentic carbonate or plumbic oxide. 

15. Wh«fc residue is left on igniting sodic acetate, calcic acetate, plumbic acetate, 

or argentic acetate ? 

16. Explain how you would obtain acetic etlier, describe its composition and 

properties. 

17. Give graphic formulae for marsh-gas, cyanogen, acetic ether, acetone, 

18. Explain the composition of hard soap. 

19. A solution containing an unknown quantity of formic acid, when heated with 

solution of AuCls, yielded 2-235 grms. of metallic gold. How much 
formic acid by weight did the solution contain ? 

20. A quantity of eiystallized argentic acetate loaves upon ignition 1*236 grin, of 

metallic silver. How much acetic acid does this coiTespond to ? 

21. How much dry sodic acetate must there be decomposed in order to obtain 

20 litres of marsh -gas ? 


BENZOIC ACID, | or shortly BzHo.— Is found 

in many gams and balsams, from 'which it is obtained by subli- 
mation. Seated in a tube open at both ends, the acid sublimes in 
long needles, giving off a very irritating vapour. Heated on 
platinum foil, benzoic acid bums with a luminous smoky flame. 

The crystalline acid is very slightly soluble in water or acids. 
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and floats on water. BpMZoates of tetrad metals are mostly insoluble 
in water^ all others are soluble. 

Fe2Cl« gives a pale yellow precipitate of basic ferric benzoate, 
Bz6Fe20^‘,Fe203 + 15 Aq ; and ammonic benzoate is employed some- 
times for the separation of Fe^^ from Mn'^ (compare page 41 ). 

On distilling benzoic acid with lime or baryta, benzol (benzetie)^ 
CeHe, is obtained — 

{ C(So + + COCao". 

Dilute acids precipitate benzoic acid from aqueous solutions of 
benzoates ; dilute nitric acid is without action upon it. 

Heated with concentrated sulphuric acid, benzoic acid does not 
blacken, neither does it evolve SO2. 

rCOHo _ 

SUCCINIC ACID,< C2H4, or briefly SuHo2. — Dibasic acid , — 
[COHo 

Obtained by the distillation of amber, of fossil resin, and also by 
the long-continued action of nitric acid upon butyric, stearic, or 
margaric acids. The acid crystallizes in white plates, is readily 
soluble in water, alcohol, and ethef, and is not acted upon by boiling 
nitric acid. Heated in a tube open at both ends, it sublimes in 
silky needles. Heated upon platinum foil, it bums with a blue 
flame and without smoke. 

Succinates are decomposed upon ignition ; the alkaline and 
alkaline earthy succinates leave a carbonate mixed with carbon. 

Most succinates are soluble in water. 

Plumbic acetate gives a white precipitate of neutral plumbic 

fco— ' 

succinate, < C2H4Pbo", which is rendered basic by treatment with 
ammonic hydrate. 

Pe20l6 produces from a solution of neutral ammonic succinate, 
a brownish-red^ voluminous precipitate of basic ferric succinate, 
Su3Fe20^^,Fe203, readily soluble in mineral acids. AmHo renders 
the precipitate darker by withdrawing a quantity of succinic acid as 
ammonic succinate, leaving a more basie succinate. (This reaction 

SERVES FOR THE SEPARATION OF Mn" FROM Fe^^.) 

On boiling the precipitate produced by ferric chloride from a 
solution of a succinate or benzoate, with ammonic hydrate, soluble 
ammonic salts of these acids are obtained*^ which can be separated 
by filtration from the insoluble residue. On the addition of alcohol 
and BaCh to the ammoniacal solution, a white precipitate of baric 
succinate is obtained, whilst benzoic acid gives na precipitate (dis- 
tinction BETWEEN BzHo AND SUH02). • 

QUESTIONS AND EXERCISES. 

1. How are benzoic and succinic acidd prepared ? Give graphic formulffi. 
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2k How would you distinguish BzHo from SuHos in the dry way P 
8. State how the precipitate produced by Bzffo and SuHo^ with Fe^Ol^ assists 
us in distinguishing between these two acids. 

4. How would you prepare benzol from benzoic acid P 

5. You hare given to you a mixture of plumbic benzoate and succinate. State 

how you would obtain the two acids in the free state. 

6. 1*840 grm. of the argentic salt of an organic acid leaves upon ignition *682 grm. 

of metallic Ag. What is the molecular weight of the acid ? 


OXALIC ACID, I Diios/c Obtained by the 

oxidation of a large number of organic bodies, e.g.^ sugar by nitric 
acid ; or woody fibre, by the action of caustic alkalies. The free 

acid, I + 2 Aq, is a violent poison. It crystallizes in rhombic 

prisms with two molecules of water of crystallization, which it loses 
when exposed to dry air, t.e., it effloresces and crumbles to a 
powder. With bases it forms an important series of salts called 
oxalates. The acid being dibasic, two series of salts, 7ieutral and 

acid oxalates, 

oxalates) . 


f COKo T J COKo . . .I *7 

I COKo 1 COHo’ (besides some swper-^ac'id 


REACTIONS IN THE DRY WAY. 

Oxalic acid when heated itself, sublimes for the most part 
nnebanged ; a portion of it breaks np into CO, CO2 and some 
formic acid. Oxalates yield, upon ignition, different products of 
decomposition, according to the nature of the base contained 
therein. 

AHcaline oxalates leave a carbonate^ with slight blackening, and 
give off carbonic oxide. 

Alkaline earthy oxalates leave a carbonate^ together with some 
caustic base, if a strong heat l;>e applied, and give off CO and CO2. 

Oxalates containing metallic bases which do not form carbonates, 
or the carbonates of which are decomposed by heat, break np into 
metallic oxides, and give off equal volumes of CO and CO2, or into 
metal, as for instance argentic oxalate, giving off COg. 


REACTIONS IN THE WET WAY. 


r COAmn 

We employ a solution of ammonic oxalate, < 

Oxalates are either soluble in water, e.g., the alkaline oxalates 
and a few metallic oxalates ; or msoluhle in water, but soluble in 
acids. 


CaCU (SOzCSo" or CaHoz) precipitates even from very dilute 

• f CO 

Bolutions white pulverulent calcic oxalate, < QQCao'^, readily soluble 

in hydrochloric or nitric acid ; almost insoluble in oxalic or acetic 
acid, and in potassic or ammonic hydrate. Heat promotes the pre- 
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oipitation from very dilute solutions. This constitutes one of the 
most delicate reactions for oxalic acid. 

BaCl2 gives from solutions of neutral oxalates 2b white precipitate 

{ CO 

QQBao" Aq, soluble in oxalic acid, readily 


soluble in hydrochloric or nitric acid. 

NO^Ago produces a white precipitate of argentic oxalate, 

{ COAgo’ dilute nitric acid, and in ammonic hydrate. 

Concentrated sulphuric acid decomposes oxalic acid or oxalates, 
on the application of a gentle heat, into CO and CO2, without 
blackening, by withdrawing from the molecule of oxatyl a molecule 
of OH2. The gaseous mixture is passed through a wash-bottle con- 
taining caustic soda or lime-water, and the carbonic oxide gas is 
collected over water. The gas burns with a Hue flame. (Usual 
METHOD FOR PREPARING CARBONIC OXIDE.) 

Oxalic acid, or oxalates in the presence of free mineral acids, act 
as reducing agents. 

Treat a little black oxide of manganese and oxalic acid, or an oxalate, with a 
few drops of concentrated sulphuric acid. Effervescence ensues. The gas which 
escapes is carbonic anhydride, thus : — 


MnOa + I oo^o + 2S02no2 = 2OO2 + SOaMno^ + SO 2 K 02 + 2OH2. 
A solution of gold is reduced to metallic gold, thus ; — 

2AuCls = = 6«02 + Auj + 6HC1. 

Potassic permanganate is speedily reduced (decolorised). 


QUESTIONS AND EXERCISES. 

1. How is oxalic acid obtained ? Describe shortly its properties. • 

2. What changes does oxalic acid undergo, Ist, upon ignition ; 2nd, upon heating 

with SO 2 H 03 ; 3rd, upon treatment with SO 2 H 03 and ]IXn 02 or Or 205 Ko 3 ; 
4th, in contact with AuCls ? 

8 . How would you distinguish calcic oxalftte from calcic carbonate, fluoride, 
borate or phosphate ? 

4. What takes place when potassic, argentic, calcic, or zincic oxalate is ignited by 
itself ? 

6. How would you prepare pure carbonic oxide gas from sodic oxalate ? 

6. Why is oxalic acid decomposed by concentrated sulphuric acid almost without 

any blackening ? 

7. Calculate how much MnOg is contained in a sample of black manganic oxide, 

2*2 grms. of which, when treated with QQ^^andS 02 Ho 2 , yielded 1*662 
grm. of CO 2 . 

8 . The calcic salts in one litre of water are precipitated with ammonic oxalate. 

The precipitate yields upon ignition 1*695 grm. of COCao''. How much 
OaO does the water contain, let, per gallon, 2nd, per 100,000 parts ? 

• 

{ OOHo 

OHHo’ ^Ror-DHasic acid.— 

OOHo 
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Found in grapes, tamarinds, pine-apples and several other fruits in 
the form of hydric potassic tartrate. The acid met with in commerce 
is prepared from the tartar or argol^ an impure hydric potassic tar- 
trate, deposited from the grape juice during fermentation. The acid 
forms colourless transparent crystals, very soluble in water, both hot 
and cold, and soluble also in alcohol. The aqueous solution under- 
goes gradual decomposition. 

REACTIONS IN THE DRY WAY. 

Tartaric acid is decomposed by heat, giving off a peculiar odour ^ 
resembling that of hurnt sugar (caramel), and leaving a residue of 
carbon. Alkaline tartrates when heated in a test-tube, are decom- 
posed with evolution of inflammable gases, leaving a mixture of 
finely-divided charcoal and carbonate (black flux), from which the 
carbonate may be extracted by water. The carbonaceous residue 
left upon igniting alkaline earthy tartrates contains an insoluble 
carbonate, and effervesces when treated with dilute hydrochloric 
acid. Tartrates of the heavy metals also undergo decomposition, 
accompanied by the characteristic odour of burnt sugar, and leave 
much car])on mixed with metallic oxide or metal. 

REACTIONS IN THE WET WAY. 

We employ A solution of tartaric acid, and for some reactions 
A solution of a normal salt (llochelle salt, or potassic sodic tar- 
trate). V 

The alkaline tartrates are soluble in water, the acid salts less so 
than the neutral tartrates. The normal tartrates of the alkaline earthy 
bases, of the earths and heavy metals, are difficultly soluble in loater, but 
dissolve readily in dilute tartaric acid. Alkalies fail to precipitate 
double tartrates, readily soluble in water, containing an alkaline 
and metallic base. Hence the presence of tartaric acid serves to 
prevent the precipitation of Fe203, Cr203, ZnO, NiO, CoO, MnO, 
CuO, PbO, Bi203, Pt 02 or CdO, whilst some other substance, 
e,g,, POH 03 , if present, may be precipitated from an alkaline solu- 
tion. 

KCl (or some other potassium salt, especially the acetate) pro- 
duces in a solution of free tartaric acid a heavy white crystalline 
precipitate of liydrlc potassic tartrate, THoKo, readily soluble in 
mineral acids and in alkalies and alkaline carbonates, insoluble in 
acetic acid. The precipitation is accelerated by agitation and by 
allowing to stand for some hours. Alkalies dissolve the precipitate, 
forming a normal tartrate, soluble in water, from which acetic acid 
reprecipitates the hydric potassic tartrate. 

CaHoj added to excess, precipitates free tartaric acid as a white 
f»lclc tartrate, TCao". 

CaC!^ (but not S 02 Cao", except on long standing,) precipitates 
from a solution of a normal tartrate, white calcic tartrate (TCao^^ 
+ 4 aq.), soluble in acids, even tartaric acid, in ammonic salts 
(AmCl), but not in ammonic hydrate. The precipitate, especially 
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as long as it is amorphous i.e., recently precipitated, is soluble in 
cold potassic or sodic hydrate^ which is nearly free from carbonate, 
but is reprecipitated on boiling as a gelatinous mass, which redissolves 
on cooling. 

NOgAgo produces from a solution of a normal tartrate (e.gr., 
Rochelle salt) in the cold a white curdy precipitate of arirentlc tar- 
trate, TAg02. On filtering and dissolving some of the precipitate 
off the filter with a little dilute ammonic hydrate, and heating the 
solution in a clean test-tube or flask during ten to twenty minutes, 
in water, heated to about 06 ^ C., the glass becomes coated with a 
fine silver mirror. (Chaeacteristic reaction for tartaric acid.) 

Ac2Pbo" gives a white crystalline precipitate of plumbic tartrate, 
TPbo", from solutions of tartaric acid, or its soluble salts. The 
precipitate is soluble in nitric acid, and in ammonic hydrate ; the 
latter giving rise to the formation of plumbic ammonic tartrate, 
which cannot be precipitated by Am Ho. 

Tartaric acid and ammonia dissolve S 02 Pbo". 

Concentrated SO2H02 decomposes tartaric acid, or a tartrate, on 
heating, with evolution of SO2, CO2, and CO, and separation of 
carbon. 


QUESTIONS AND* EXERCISES. 

1. Describe some sources of tartaric acid. 

2. Describe the decomposition which tartaric acid and tartrates undergo upon 

ignition. 

3. What is the composition of black Jlux ? 

4. Explain the solvent action of tartaric acid upon certain tartrates in the pre- 

sence of alkalies. 

5. How can tartaric acid be detected in the wet way ? 

6. Q-ive graphic formulae for Rochelle salt, argentic and plumbic tartrates. 


r CHHo(COHo) _ 

CITRIC ACID^ < CH (COHo) + aq., or briefly CiHog. — 
LCH2 (OOHo) 

Tribasic acid. — Obtained from orange or lemon-juice. Pound also 
in many other fruits. It forms colourless prismatic crystals, which 
possess a pure and agreeable acid taste. They dissolve in cold and 
hot water, and in alcohol. The aqueous solution undergoes decom- 
position after a time. The citrates are very numerous, the acid 
forming, like phosphoric acid, three classes of salts by the replace- 
ment of one, two, or three atoms of hydrozyl by a corresponding 
amount of potassoxyl, etc. 

REACTIONS IN THE DRY WAY. 

On heating citric acid, it loses first its water of crystallization, 
then fuses, and is decomposed with disengagement of pungbnt and 
irritating acid fumes, leaving a less abundant carbonaceous residue 
than tartaric acid. Alkaline and alkaline earthy citrates leave a 
carbonate upon ignition. 
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RBACnOKS IN THE WET WAT. 

We employ A solution of CiHoa in water, or a solution of a 
NORMAL alkaline CITRATE. 

Potassic fsalts give no precipitate. 

CfliHos gives no precipitate in the cold from a solution of citric 
acid, or of a neutral citrate ; but on heating^ a white precipitate of 
calcic citrate, Oi2Cao"3, is obtained. (Distinction between tartaric 
AND CITRIC acid.) When both citric and tartaric acid are present, 
the precipitate produced by O aHo2, or CaC]2 in the cold is filtered 
off, and the clear filtrate boiled, when a further precipitate indicates 
citric acid. 

CaCh produces at first no precipitate m the cold from an aqueous 
solution of citric acid, or a soluble citrate; but on standing precipi- 
tation takes place and is all but completed, even in the cold, after 
24 hours. On boiling a white precipitate of calcic citrate is ob- 
tained if the solution be neutral, or if it contain an excess of lime- 
water or ammonic hydrate. This precipitate is insoluhle in sodic or 
jpotdssic hydrate^ but soluble both in ammonic salts and in acids. 

Argentic citrate, dissolved in ammonic hydrate, does not form a 
mirror upon heating. Citric acid, like tartaric acid, prevents the 
precipitation of certain oxides, more especially of AI2O3, of Groups II 
and III, by caustic alkalies, on account of the formation of soluble 
double citrates, containing a metallic and alkali base. 

Concentrated sulphuric acjd decomposes citric acid or citrates 
slowly. On cautiously applying heat, CO and CO2 escape, at first 
without any blackening of the liquid, but on boiling for some time, 
SO2 is evolved, and carbon separates. 

® QUESTIONS AND EXERCISES. 

1. Whence is citric acid derived ? 

2. Describe tlie tests which distinguish citric from tartaric acid. 

3. Q-ive graphic formulee for citric acid. 

4. How would you detect oxalic, tartaric, and citric acids contained in a 

liquid ? 

5. Why does the presence of citric or tartaric acid prevent the precipital ion of 

ALjOs or FejiOa by AmHo ? 

6. How would you separate phosphoric acid by precipitation with a magnesic 

salt from a solution containing phosphates of Al*^, Ee^^, and Mn" ? 
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In order to enable the analyst to acquire a thorough mastery 
over the reactions for bases and acids, some 25 to 30 simple sub- 
stances should be analysed by the aid of the subjoined analytical 
tables, and the results recorded in the manner shown in the Ap- 
pendix. The nature of these exercises will be sufficiently indicated 
by the following examples : — 

1. Crystallized magnesic sulphate (Epsom salts). 

2. Sodic sulphite. 

3. Saltpetre. 

4. Common sodic phosphate. 

5. Potassic iodide. 

6. Potassic oxalate. 

7. Citric acid. 

8. Calcic tartrate. 

9. Sodic acetate. 

10. Calcic phosphate. 

11. Dried green vitriol. > 

12. Borax. 

Preliminary to the analysis of more complex bodies, a number of 
double salts or mixtures of salts containing one or two bases, and 
one, two or more acids should be next examined, such as : — * - - 

Ammon ic ferrous sulphate. 

Common ammonium or potassium alum. 

Microcosmic salt. 

Potassic sodic tartrate (Rochelle salt). 

Dipotassic calcic ferrocyanide. 

Potassic chlorate and potassic nitrate. 

Sodic chloride and potassic carbonate. 

Potassic oxalate and potassic carbonate. 

Ammonic chloride and sodic nitrate. 

Ammonic magnesic phosphate. 

Potassic bromide and iodide, and sodic chloride. 

Complex bodies should be examined systematically, and the 
results carefully noted down in the analyst’s laboratory book imme- 
diately they are made, and in the order indicated by the arrangement 
of the Analytical Tables. A careful preliminary examinatipn in the 
dry way yields for the most part results which are decisive of the 
nature of the substance under examination. A few simple experi- 
ments are frequently sufficient to determine, in the case of simple 
salts, the nature of both base and acid, and in that of a compound 
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substance, most bases and acids. Skill in blowpipe analysis is of 
paramount value in the analysis of well-defined minerals, as well as 
of complex mixtures. The student should, however, invariably 
control the results obtained by an examination of the solid sub- 
stance in the dry way, by a most searching analysis in the wet way. 

The exercises should be progressive, and should at first consist 
of artificial mixtures of clearly-defined composition : and lastly, of 
complex bodies, such as minerals, alloys, colours, slags, I’efuse- 
matter from various manufacturing processes, etc. 

The following mixtures or compound bodies may be taken as 
types of the 20 or 30 substances that should be examined in order 
to enable the student to acquire proficiency in qualitative analysis : — 


1. NAPbo'', 
HgOU, 
AmCl, 
COCao". 


9. BaCla, 
POHoBao", 
rCOKo 
ICOKo 


2. CaClg, 
SrCl2, 
BaCb. 


3. jAiS2S3, 
AmCl, 
NO 2 K 0 . 


4. Ammonium alum, 
Chrome alum. 

Galena. 

5. Chrome iron ore. 

6. Type metal. 

7. Stourbridge fire-clay. 

8. CrOsBao", 

P 62 O 3 ) 

CaCb, 

Sulphur, 


10. Ammonium alum, 

Chrome alum, 

POHoNao2, 

' Pe 203 , 

SiOa. 

11. COBao", 

P202Bao"3, 

S02Bao", 

NaCl. 

12. Ultramarine. 

13. Guano. 

14. Coprolite. 

16. Material which has been 
used for purifying coal- 
gas. 


16. Alkali waste. 
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SIMPLE AND COMPOUND SUBSTANCES, BOTHJN 
THE DRY AND WET WAY. * 



PEELBITOART EXAMINATION OP SOLIDS IN THE DRY WAY. 

The physical properties of a substance unde r examination, such as its crystalline structure, its odour, colour, 
metallic lustre, hardness, density, are capable of throwing, in many cases, much light upon its composition, 
and should be carefully noted before subjecting the substance to a qualitative analysis. 
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182 PRBLIMINART EXAMINATION 



II. Hbat a little op the substahcb tthdee 1. The substance decrepitates , • . . NaCl, etc., etc. 

EXAMINATION ON CHABCOAL BEFOBB THE 2.' The substance defiogrotes • • . . Nitrates, chlorates, etc. 

BLOWPIPE FLAME, 3. The substance fuses readily, cmd sinks into Salts of alkalies and some salts of alkaline 

the charcoal, or forms a liquid bead earths. 





OF SOLID SUBSTANCES. 


183 


% 9.-a 


/-T - « S 

- 2 

® Am » 

o 

nSSif! * S R 

ttotn .g . o 

1 1 


s & 

•a s-b 

III 

► 08 d 


i ^ 

«s||| 

•d 

> *3 rO ^ d 

■ o m 


© • © 
•s *="1 
1 

g.'Sj 

'S-J 9 

ill 
08 I 

bC q 8 o 

.S JrS 

■if o ^ 

§--s 


d d 

o C M 


-J* © ^ 

^ i 1 
g '§1 
ta s''3r 
'9S-ii 
Jg|« 

p ..a R S’ 

P s ®.9 

ll-sl 

5l;!lj 


'©■^ 8 “ 
'S'S 

o >e S k» d 

w <1 


.§•9.2 I 

J ^ P e f 

"t " S S § 

^ g ^ tn * 
'2^ S” tj) 

^ © ^ © ^ a 
S ^ ^ .E: .2 '3 

© S£ '^ © !ja 

®1* “ .5^ 

^IgJ-Sg 

o i I a § i 
p g o tp .S j; <a 

W O 


|" = 

O 


ll W m w o o 4" 


■s 5 6, 

II I 

§ ^ :.2 p^ 

Eh 2.|:0^ 


Himu 

r^cbkl^ocdbw 


I'S §- 
li"’.! 

® S “5 

.s^.^2 


-§21 

60 d d 

■mU 

l^l-i 



PRBLIMINART EXAMINATIOIT OF SOLIDS IN THE DRY WAY — continued. 


184 


PRiaiUONARY EXAHINATIUN 



is yellow when hot, white when cold 
Metal brittle; incrustation dark orange BL 
when hot, lemon-yellow when cold 
Metal malleable ; marks paper ; incrustation Pb. 
lemon -yellow whilst hot, yellow when cold 
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EXAMINATION OF SUBSTANCES 


Examination of a Substance in the Wet Way. 

1st. The substance under examination is a liquid. — Examine it 
by means of well-prepared test-papers. The liquid is neutral. This 
excludes a large number of substances, since the greater proportion 
of normal salts of the metals possess an acid reaction. The liquid 
shows an acid reaction. This may arise from a free acid, or from 
the presence of a normal salt having an acid reaction, or, lastly, 
from an acid salt. Or the solution possesses an alkaline reaction^ 
owing to the presence of a salt of alkaline reaction, of free alkalies 
or alkaline earths, and of cyanides or sulphides of the alkalies or 
alkaline earthy metals. 

Evaporate a portion of the liquid to dryness on a watch-glass or 
platinum foil. It leaves no residue, and may consist of pure water 
only ; or it leaves a residue ; a larger portion of the liquid should 
then be evaporated to dryness in a porcelain dish and subjected to 
a preliminary examination in the dry way. 

2nd. The substance under examination co'nsists of a solid hody.^ 
If it occurs in large pieces, or in the form of a coarse powder, it 
should first be reduced by mechanical means to as fine a powder as 
possible. 

Natural silicates and other compounds which are decomposed with difficulty 
by acids, are finely powdered in an agate mortar and then lemgatedy i.e.y stirred 
up repeatedly with water ; the coarser particles of the powdered substance fall 
rapidly to the bottom, and the water holding the finer particles in suspension can 
be poured ofE. The coarser particles must then be ground again, and made to 
pass through a fresh process of lerigation, till the tohole of the substance is 
obtained in an equally fine state of division. By allowing the water to stand for 
some time, the whole of the suspended particles fall to the bottom of the vessel, 
and can be separated by decantation and filtration. 

_ A scertain whether the solid substance is wholly or partly soluble 
in water. This is done by boiling about a gramme of it in distilled 
water, allowing the undissolved portion to subside before decanting 
the supernatant liquid, and treating the undissolved portion again 
with boiling water as long aS anything is dissolved. A drop of the 
solution, when evaporated on a watch-glass, or on platinum foil, 
should leave a visible spot. 

The aqueous extract is set aside until the* residue has in like 
manner been treated with acids. It should be tested with litmus- 
paper. 

The residue insoluble in water is next treated with dilute hydro- 
chloric acid, and heated for some time to boiling. The undissolved 
portion is idlowed to subside and the clear fluid decanted. This 
operation should be repeated several times, both with dilute and 
concentrated hydrochloric acid. Boiling with HCl generally dis- 
solves out whatever is soluble, and NO 2 H 0 has rarely to be resorted 
to. If an insofuble residue be left, treat with small quantities of 
aqua regia, Observe carefully what changes take place when the 
substance is treated with acids, especially whether any and what 
gases are disengaged. 



IN THE WET WAY. 
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The residue iii^soluble in water and acids should he carefully 
washed with distilled water, filtered, dried, and then mixed with 
three to four times its weight of dry OONaoa and COKoa (fusion- 
mixture) and fused. The fusion is best performed in a platinum 
crucible, provided the insoluble residue does not contain an^ metals 
capable of forming alloys with platinum. This can be readily ascer- 
tained by an examination of the residue in the dry way. 

It should be borne in mind that only baric, strontic, calcic, 

AND PLUMBIC SULPHATES ; PLUMBIC AND ARGENTIC CHLORIDES ; SiO„ 
MANY SILICATES ; NATIVE OR IGNITED AI 2 OS AND ALDMINATBS ; IGNITED 

CrjOs and PejOa; chrome iron ore; SnOx (ignited or as tin- 
stone) ; IGNITED Sb304 (a few METAPHOSPHATES AND ARSENATES) } 
OaFj, AND A FEW OTHER NATIVE FLUORIDES; SULPHUR AND CARBON, 
are usually present in the residue. 

Ag 4 FeCy 6 and AgeFejCjia, AgBr, Agl, and AgCy are decomposed 
into AgCl by boiling with aqua regia. 

Solutions 1 and 2 may be examined separately, or they may be 
mixed and examined together. A separate analysis of the aqueous 
and acid extracts becomes necessary only when it is intended to 
show how the acids and bases are combined in a compound body. 

The examination of a residue requiring fusion with alkaline car- 
bonates is invariably conducted* separately . The fused mass is 
boiled with water and filtered; the powder, insoluble in water, 
containing the base in the form of a carbonate (oxide or metal) is 
dissolved in HCl or NO 2 H 0 . The ^aqueous extract is examined for 
acids, and the acid extract for bases.* 

Alloys are dissolved in dilute or concentrated HCl, sometimes 
'ivith the aid of platinum foil, or with the addition of a few crystals 
of potassic chlorate, and their solutions examined as usual. 

Cyanogen compounds are best destroyed by fusion in a porcelain 
crucible with 3 or 4 times their weight of a mixture of 8 pSFtlf^ of 
SO»Amo 2 and 1 part of N02Amo. The metals can then be detected 
in the residue in the usual manner. 

, « 

EemarJc , — In order to economize time, the solution of a substance should be 
prepared at the same time as the examination in the dry way is conducted, and 
wMst the separation into groups is effected by means of the several group- 
reagents. The precipitates can then be well washed. Again, the time occupied 
in the evaporation of the filtrate from Group II, and in separating Fe*^ Cr*^, 
and by means of OOBao" in Group III, may be employed in the examina- 
tion of the precipitate produced by HCl or 8H3, at well as in detecting the acids 
in the dry and wet way. 
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GENERAL TABLE FOR THE 


To the greater portion of the original solution add HC1« as 


The PBECiPiTATE maj contain— 
PbOlj, white 

(Note 2.) 

Kxamine hj Table 1. 



The PllTBlTB (Note 3) is largei)^ 


The PBECIPITATE may contain— 

BgS, black *1 

PbS, „ Insoluble in sodic hydrate, 
SiA, „ f or yellow ammonic sul- 
CttS, „ phide. 

CdS, yellow J 

SnS, brown 
SnSs, yellow 

Sb2S8, orange Soluble in sodic hydrate, 
SbA, „ V or yellow ammonic sul- 
dLs^Ss, yellow phide, 

A 1 I 2 S 8 , black 

Examine by Table IL 
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EXAMINAnON OF BASES. 


long as a precipitate is produced, and heat gently. (Note 1.) 


diluted with water (Note 4), saturated with gaseous SH}, and gently heated (Notes 5 and 6). 


Evaporate the filtbatb till free from SEj, then add a few drops of concentrated NOaHo, and 
evaporate to complete dryness. If oxalates or organic matter (Note 7 ) be suspected (indicated 
by the blackening of the residue), heat to redness in a porcelain dish, but not otherwise. Treat 
the residue with a little concentrated HCl, add water and heat, when it dissolves either wholly or 
leaves a white residue of SiOa (Note 8). Test a small portion of the HCl solution with ammonio 
molybdate, with the addition of concentrated nitric acid. 

(A.) No precipitate is obtained, POH03 la absent.— Add AmCl, AmHo, and SAm^, to the remaining 
portion of the solution, heat to boiling, and filter quickly ; wash well with hot water 
containing a few drops of ammonic sulphide. 

(B.) A precipitate is obtained, POEoa Is present— Add AmCl and AmHo in slight excess to the 
remaining portion of the solution, heat gently and filter quickly ; wash well with hot water. 
To the filtrate add SAm2 to slight excess, heat to boiling and filter. Wash with hot water 
containing a few drops of SAm2, and examine filtrates under (Sfroup IV. Transfer the two 
precipitates to a porcelain dish, and digest with a little SAm2 (Note 9 ). Filter oif and 
wash well. Neglect filtrate (Note 10). 


(B.) 

The PEBCIPITATE may con- 
tain— 

AI2H06, yellowish- white, 
gelatinous. 

Cr2Ho6, bluish-green. 

FeS, black. 

ZnS, white. 

MnS, flesh-coloured. 

NiS, black. 

CoS, „ 

Together with the phosphates 
of (Or) and Al, as well as of 
the alkaline earthy mstals. 
(Note 11 .) 

Examine by Table HI B. 


(A.)^ 

The PEBCIPITATB may con- 
tain— 

AI2H06, yellowish-white, 
gelatinous. 

OrsHos, bluish-green. 

FeS, bla^k. 

ZnS, white. 

MnS, flesh-coloured. 

MIS, black. 

CoS| „ 

Eiamme by Table III A. 


To the PiiTi^ATB from III A. or 
III B. add AmHo and COAmoQ, 
heat gently (NoT;e 12) and filter. 

The PEBCIPITATB 
may contain— 

Solution may 
contain— 

COBao", white. 
COSro", „ 
COCao", „ 

MgO. 

OK 2 . 

ONn.. 

Examine by 
Table IV. 

» 

Examine by 
Table V. 
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NOTKS. 


NOTES TO GENERAL TABLE. 

L In case the original substance had to be dissolved in hjdroohlorio acidy 
SH3 may be passed at once. 

2. In a saturated solution of a baric salt, HOI produces a white prec^itate, 
soluble in hot water. From an alkaline solution HOI may precipitate 8IH04 
(gelatinous), BHos, BzHo [and uric acid] crystalline, also SbsOs (amorphous). 
Metallic oxides, such as Al20£ and metfdlic sulphides, such as A82S8, Sb^Ss, 
SbA) SnS, and SnSs, which dissolve in NaHo or SsAm^, may likewise be pre- 
cipitated on the addition of HCl, and are best examined separately. 

8. If arsenic has been detected in the preliminary examination, this filtrate, 
which may contain pentad arsenic, should be boiled with a solution of SOH02, or 
SOHoAmo, and the acid solution evaporated considerably to expel the SO3. 
Ba, Sr, and Pb, when present, may be precipitated either partly or wholly, as 
sulphates. The precipitate is best examined separately. 

4 . Oertain oxychlorides, e.^., of Bi, Sb, or Sn, may be precipitated on the first 
addition of dilute HCl, or water, but are mdily redissolved on the addition of 
more acid, and on gently heating ; or the precipitate may be disregarded, since 
SH3 readily converts the finely divided oxychlorides into the corresponding 
metallic sulphides. 

6. SHa often produces merely a precipitation of sulphur, owing to the 
presence of oxidizing agents, such as 01 , Br, I (SOH02, KOHo), NO2H0, ClHo, 

{oHo* {oHo* *[ OHo* This precipitate 

is easily distinguished by its being white and remaining suspended in the solution. 
It may be neglected altogether. A brick red precipitate of PbsSCls often comes 
down from strongly acid (HCl) solutions, if the solution has not been sufficiently 
diluted with water. Cadmum is often left in solution, if too much acid be 
present. ■ 

6. SHs should be passed once more through the filtrate, to make sure of the 
complete precipitation of all the metals of Group II. 

7 . Organic acids, e.^., TH02, CiHoa, also sugar, etc., prevent the precipitation 
of AI2H06, etc., in Group III. (Comp. p. 172 .) 

8. It is possible that this SiOz inay be mixed with other substances, e.^., 

O^Oa, PeaOa (rendered insoluble by strong ignition), SOaBao", 
SOaSro", in which case it is necessary to examine it separately. 

9 . If the S Ama were added simultaneously with the AmCl and AmHo, phos- 
phates of Fe, Mn, Zn, Ni, and Co would be decomposed into sulphides, with 
formation of POAmoa, which might produce a precipitate of a phosphate of the 
alkaline earthy bases, by acting upon salts of these bases other than phosphates, 
or act as a solvent for other phosphates in the presence of AmHo. (Comp, 
p. 64 .) 

10. This filtrate may contain POHos, a proof that a phosphate of the metals 
Fe, Zn, Mn, Ni, or Co was present in the original HCl solution, or, vice versd, 
that all these metals (or one or several of them) may be present. (Comp. 

p.64,) 

11. Small quantities of borates and fiuorides of the alkaline earthy metals 
may likewise be precipitated, together with the alkaline earthy phosphates, but 
need not be examined further, since their bases will be detected ia Group IT, 
and their acids on examining in the usual way for acids. 

12. The solution must not be boiled, since the AmCl, by double decomposition, 
dissolves the alkaline earthy carbonates forming chlorides and ammomo car- 
bonate, which volatiLzei with the aqueous vapour. 



TABLE I.— SBPAEATION OF THE METALS OP GROUP I. 


REACTIONS OP THE METALS OP GROUP I. 



191 



192 


Table II-SEPARATION OF 


The precipitate may contain Bg^S, PbS, BlsSs, CuS, CdS, SnS, S11S2, Sb^Ss, Sb2S5, AbSh^ 

(Comp. p. 96.) Wash the precipitate until &ee fiiin 


Emidtjj.— W ash well; boil in a little concentrated NO2H0, until all action ceases. Dilute with 
water; add dilute SOjHoo, as long as a precipitate is produced ; allow to cool and add an equal 
bulk of alcohol (methylated ) ; filter. 


Besidtje.— M ay contain Bg^S, S02Pbo^^ 

and S. Boil in ammonio acetate : Solution.— B oil off the alcohol, add excess of AinHo ; 
S02Pbo" dissolyesj allow to cool boil and filter, 
and filter. 


Residue consists Solution.— Add The pebcipitate Solution.— Acidulate slightly with 
of BgpS and S, Cr02Ko2, yel- coi^sists of HCl and pass SH 2 ; filter off and 

or of S only, low precipitate BiHoa. Dis- wash the precipitate with weak SH 2 

Confirm by re- of CrOoPbo". solve in a few water. Boil with tlilute SO 2 H 02 

ducing the dried drops of dilute and filter. 

BgSinabulb- Presence of Pb. HOI; evapo- 
tube with diy rate nearly to 

CONaoa. ' ' dryness and Kesidub. — Dis- Solution. — Add 

Metallic mirror add water. 8olveinN02Ho; AmHo and pass 

and globules. Milkmess from add sUght excess SHj. YeUow 

BiOCl. of AmHo, then precipitate of 

Presence of Hf. " fCEs , CdS. 

(as mercuricum.) i : Presence of Ri. | COHo, 

R^FeCye. Brown Presence of Cd. 

precipitate of 
CuaF^Cye. 

Presence of Gn. 


Ao/e l.-CuS is somewhat soluble in SjAm 2 and BgrS in SNa,. It is therefore advisable to 

If both OuS and BgS are present dissolve In 
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THE METALS OE GROUP II. 


(Au and Pt must be tested for specially in a separate portion of the filtrate from Group I). 
HOlj boil with NaHo, or S2Am2, and filter (Note 1). 


Solution may contain As, Sb, Sn (Au and Pt) as sulpbo-salts. Acidulate with dilute hydro- 
chloric acid, AS2S3, SbgSs, and SnS^ are reprccipitated. Filter and waeh j digest with 
OOHoAmo and filter. 


BeSIDUB consists of Sb2S6 and 81182. Dissohe in boiling 
HCl. Introduce into a Marsh’s apparatus in which 
hydrogen is generated by means of pure Zn and HCL 


SbHs comes off. Collect as 
metallic Sb on porcelain or 
glass and identify the de- 
posited metal by means 
of OlNao or dry HCl gas. 

Presence of Sb. 


The EESiDUB in the gene- 
rating flask consists of Zn 
and Sn. 

Detach the precipitated Sn 
from the strips of zincj 
wash and dissolye in a 
little concentrated HCl by 
the aid of platinum-foil. 
Dilute with water, and add 
KffCl2. A white precipi- 
tate of HeA or of grey 
metallic Hg, is obtained. 

Presence of Sn. 


Solution contains ^8283. 
Eeprecipitate by adding HCl. 
Confirm the presence of As 
W reducing with KCy and 
CONao2 in a bulb-tube. 
Metallic mirror and garlic 
odour. 

Presence of As. 



dissolye the precipitate in the absence of CuS with S2Am2, and in the absence of Ssr 8 with SNa2t 
S2Am3, when a little OuS will be found in the solution. 
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Table III A.-SEPARATION OF THE 


A. POH03 Is absent.— Dissolve the precipitate from Group IIIa. in a little dilute HCl, with the 

is perceptible. Filter off sulphur if necessary. Nearly neutralize solution with CONao^ ; add 
possible. Pour off the clear liquid, which contains the chlorides of t-he metals Zn, Mn, Ni 
chlorides of Fe*^, Al^'" and Cr*'^ j throw the pi-ecipitate— which contains the hydrates (and basic 
hot water. 


SOLTTTION.— Eemove BaCl2 by adding a few drops of dilute SO JI02 ; boil, allow to subside,, 
and filter off SOiBao". Nearly neutralize the filtrate with CONaoa, and add pure Nallo, 
till the solution becomes alkaline ; boil and filter. 


The SOLUTION may con- 
tain zinc as ZnNaoo. 
Add SHj. White 
precipitate of ZnS. 

Presence of Zn. 

The PEECIPITATB may contain JUnHo^, C0H02 and NiHoo. Wash, 
dissolve in a little dilute HCl ; nearly neutralize with AmHo ; add 

r CH 

excess of < aiid a little acetic acid j pass a rapid current of 

SHa for several minutes through the solution and filter. 


The SOLUTION con- 
tains the manganese 
as acetate. 

Add AmCl, AmHo Alid 
SAma. 

Flesh-coloured preci- 
pitate of lUnS. 

Presence of Uln. 

Eesidue.— Dissolve in HCl and | j nearly 

neutralize with CONaoj ; add a weak solu- 
tion of KCy, BO as just to redissolve the 
precipitate first produced. Boil briskly for 
some time, allow to cool (filter off any slight 
precipitate), and add a strong solution of 
ClNao J allow to stand for some time in a 
warm place, as long as a black precipitate 
forms, and filter. 



Peecip. — NI2H06. 
Confirm by heating 
a small portion of 
it on a borax-bead 
before the blowpipe 
flame. 

A yellowish to sherry- 
red bead. 

Presence of Hi. 

The solution con- 
tains the cobalt as 
K6Co2Cyi2. Evapo- 
rate to dryness, and 
test a little of the 
residue before the 
blowpipe flame on a 
borax bead. 

A blue bead in both 
flan ei. 

Presence of Co. 


Note 1 .— If no pure NaHo can be procured, a comparative test should be made, by acididating a 
precipitating it with dilute HOI and AmHo. If the amount of precipitate thus obtained 
whether A 1 he present or not in the mixture. 
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ilBTALS OB GROUP IIIa. 


ddition of a few small crystals of | qjq* at a gentle heat, as long as any chlorous odour 

E^OBao^' and shake well. Allow to subside in a flask kept corked, to exclude the air as mueh as 
ind Co, as well as BaOlo, arising from the double decomposition of the GOBao", by the 
lalts) of Fe^^ Al^^ and Cr^^, as well as the excess of COBao" employed— on a filter and wash with 


Pkecipitate. — Dissolve in dilute HCl ; remove the BaCl2 thus formed, by dilute SO2H02 and 
filter. Nearly neutralize the filtrate with CONao2, and add pure NaHo (free from alumina) 
(Note 1 ) in excess, and boil for some time. Pe2Ho6 and Cr2Ho6 are precipitated. Al^ILot 
dissolves in excess of Nallo. 


Peeoipitatk. — Fuse with fusion -mixture and NO2K0 on pla- 
tinum foil. Dissolve the alkaline chromate which is thus 
formed in hot water, and filter. 


Solution.— Acidulate with di- 
lute HCl and add AmHo 
in slight excess. 

White gelatinous precipitate. 


Residue. — ^Dissolve in dilute 
HOI and add K^FeCyg. 

A precipitate of Prussian 
blue. 

Presence of Fe. 

Dilute and test the original 
HCl solution specially for 
Fe" and Fe^^ by means of a 
solution of BIXI2O6K02, as 
well as by means of K4FeCyc, 
N6Fe2Cyi2, or CyAms. 


Solution, yellow. •Confirm by 
acidulating 

Yellow precipitate of 
CrO^Pbo". 

Presence of Cr. 

Test the original substance 
specially for Cr20a and 
CrOs, by boiling a small 
portion with CONao2. The 
filtrate contains thp chro- 
mate, and the residue the 
Cr203. The latter may be 
converted into a soluble 
, alkaline chromate by fusion 
with CONao2 and NOoKo. 


Presence of Al. 


quantity of sodic hydrate, about equal in bulk to that employed for redissolving the alumina, and 
from the reagent alone, at all equals that of the BI2H06 precipitate, it must remain doubtful 


0 2 
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Table III B.-SEPAEATION OP THE 


13 . POpOs Is present. — Dissolve the precipitate obtained according to the directions given in 
{ OKo* ^®®®ssary. Digest at a gentle heat, as long as any chlorous odour is perceptible. 

metals Zn, Mn, Ni, Co, Cr^v, Fe*'^, as well as phosphates of Al»^ Da, Sr, Ca, and 

fCEg 

1 COIIo ^ precipitate is produced. Heat gently, and filter hot. 

The soiTTTiON may contain tlie chlorides of Al, Cr, Zn, Mn, Ni, Co (Ba, Sr, Ca, Mg), as well as 
the phosphates of the alkahno earthy metals. Add Pe2Cl6 (Note 2 ), drop by drop, as long 
as a precipitate forms and till the colour of the supernatant fluid becomes red. The re- 
maining phosphates of the alkahne earthy metals are tlius decomposed. Digest for some time 
at a gentle heat j allow to subside and filter hot. Wa»h with hot water. 


The soniTiON contains now only chlorides— possibly of all the metals of 
G-roup III, as well as of the metals of the alkaline earths— the whole 
of the phosphoric acid having been eliminated. Add AmCI, AmHo 
and SAni2. A black precipitate is obtained. Filter. 

The PEECiriTATE con- 
sists of P202Fe20^‘ 
and ferric acetate, 
Neglect. 


Solution.— A dd COAmo 2 . 

Examine PEECiriTATE 
according to Table 



A white PEECiriTATE 
which may be— 

COBak:, 

COSro^ 

^ COCao''. 

Examine by Table IV 
(without, however, 
mixing it with the 
precipitate obtained 
in Group IV). 

Solution may contain 
Mg. Add 
POHoNao 2 . 

White crystalhne pre- 
cipitate. 

Presence of Mg;. 

(as phosphate.) 

IIlAforCo, Ni, Mn, 
Zn, Al and Cr. 

Test a portion of the 
original substance, 
dissolved in water or 
IICI, for Fe" and 
Fe»\ 

• 




l^oie 1 .— Test a portion of this hydrochloric acid solution with ammonic molybdate for 
Ca, Mg, were originally present, but only phosphates of Ni, Co, Mn, Zn and Pc, decomposable by 

l^ote 2 .— If Pe2Cl6 produces no further precipitate with a portion of the acetic acid solution, 
dissolution of PeS in HCl bein^ frequently sufficient to decompose the whole of the phosphates 
Ca and Mg. In this case no ferric salt need be added to the main portion of the solution, and the 

3 .— Instead of fusing with SIO2 and CONao2, the presence of P 202 Al 20 ^* (P 202 Cr 20 ^ 
with Nallo, which dissolves P 202 Al 20 ^* and decomposes the ferric phosphate, with formation of 
i\T)i'Ccipiiated. • 
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METALS OP GEOUP IIIb. 


the Q-encral Table under Q-roup III B., in dilute IICl, with the addition of a few ciystals of 
Filter off sulphur, if necessary (Note 1). The solution may now contain the chlorides of the 

Mg. Nearly neutralize with a dilute solution of CONao2 ; then add a solution of | j 


The PBECIPITATB may consist of p202Fe2O^b P202Al20^^ (Note 3 ), P202Cr20^b Dry on the 
filter. Fuse in a platinum crucible with SIO2 and pure fusion mixture, togel^hor witli a little 
MO2K0. Dissolve in hot water, add COAmo2 ; digest, allow to subside and filter. 


Ebsidue may consist of SIII04, SiaOaFe^o^^, Si;j03Al20^^ and Pe^IToe. Soiftion.— Add 
Acidulate with HCl; evaporate to dryness and ignite gently. Extract vua 
with a few drops of concentrated HOI and hot Tmter. Filter. COHo 


Solution.-— Nearly neutralize with CONao2,and 
add pure NaEo in excess, Heat and filter. 


Eesidue.— P eoTIofi. 
Confirm by dissolv- 
ing in IICl and 
adding CyAms. A 
blood-red coloui’. 

Presence of Fc 

{as phosphate). 


Solution,— Acidulate 
with dilute HCl and 
add AmHo in slight 
excess. 

A white gelatinous j)re- 
eipitato. 

Presence of Al 

{as phosphate). 


Eesidue SIO2. 
• Neglect. 


VICO * 
Yellow prcci])itate. 
Presenee of CrOs, and 
therefore 

Presence of Cr. 

{as phosphate), 

A white precipitate of 
P20i;Pbo"3 indicat- 
ing the i)i*es(*iico of 
POlIoa, may be neg- 
lected. 


phosphoric acid. The absence of a yellow precipitate proves that no phosphates of Al, Cr, Da, ^r, 
SAmo. Proceed, therefore, to examine the solution at once by Table IIIa. 

it is obvious that no phosphates of the alkaline earthy bases are left, the Pe2Cl6 derived from the 
of the alkaline earthy metals in an acetic solution into ferric phosphate and chlorides of Da, Sr, 
examination of the filtrate may at once be proceeded with according to Table IIIa. 

is rarely met with) may also be ascertained by boiling the precipitated phosphates of Fe and Al 
FeaHoo. Filter, icidulate the filtrate with dilute HCl; add AmHo, when P202Al20''‘ is 
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EXAMINATION FOR ACIDS 


EXAMINATION FOR ACIDS. 

Before proceeding to tlie examination for acids, the analyst will 
do well to consider carefully which acids can possibly be combined 
with the bases present. A perusal of the Table of Solubility of 
Salts, given in the Appendix, will materially aid him, and will pro- 
bably save him much labour and time. 

Some acids are detected on examining for bases, viz., AS2O3, 
AS2O6, Si02, and POH03 in combination with metals of Group III 
and IV, CrOaHoa, CO2, SH2, SOHoj, SSOH02, ClHo, NOHo, the 
six lastly mentioned acids on dissolving the substance in dilute HCI, 
or on adding HCI in Group I. 

A careful preliminary examination for acids will probably lea d 
to the detection of a further number of acids, e.g., of HI, | 

{ OHo’ { OHo> NO,iro, (NOHo), HCI, (ClHo), HF, 

HCy, H^FeCys, HeFe^Cy,,., CyHo and CyHs, | and | 

The presence of other organic acids is likewise indicated. When 
more than one of these acids is present, the detection is somewhat 
more difficult, and the results obtained by a preliminary examination 
for acids require to be carefully confirmed by the examination of the 
solution. Thus a chloride in the presence of a nitrate, when 
treated with concentrated SO2H02, evolves chlorine and red fumes 
of lower oxides of nitrogen ; in the presence of a chromate, brownish- 
red fumes of 0r02Cl2. HgCh, Hg^Ch, or SnCli does not evolve 
HCI when treated with SO2H02. Polysulphides, when treated with 
HCI, evolve SH2, with separation of sulphur. SO3 and SH2, when 
evolved simultaneously, destroy each other, etc. 

When the preliminary examination gives no distinct indication 
of the presence of any of the acids just mentioned*, SO2H02, BH03, 
POH03, Si02 will have to be looked for. 

The analyst will have to bear in mind that acids cannot bo 
detected in the same systematic order as bases, and that he ought, 
therefore, never to be satisfied till he has confirmed the presence of 
acids by the most characteristic special tests. 
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SHo, as well as SO^, are evolred, owing to | Metallic sulphides, 
the action of the liberated sulphur upon 
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A gelatinous mass or a flaky powder is left. . SiHo 4 from soluble silicates, or from sili- 
cates, decomposable by acids. 

Scaly crystals separate, possessing a pearly ]lftHo 3 . 
lustre 
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examination for acids. 


Preparation of Solutions for Acips. 

Great care ought to be bestowed upon the preparation of tlio 
solutions required for the examination of acids. On boiling a por- 
tion of the substance under examination with CON'ao 2 nearly all the 
metals other than alkalies are precipitated in the form of carbonates, 
basic carbonates, or oxides. 

(It is necessary to decompose the salts first in order to prevent the precipita- 
tion by the several reagents employed for the detection of acids in the wet way, 
e.g,^ of Ba, Sr, Ca, or Pb, on the addition of SOaCao" or SOjjMgo" ; of A g, 
'Hg'i or Pb, by BaCl2 or CaCl2; of Fe and others by AmHo, etc., etc.) 

The precipitate produced by CONao 2 (which reagent ought to 
be added in the least possible excess) is filtered off, and the filtrate 
tested with a few more drops of CONao 3 . If no further precipita- 
tion takes place, the solution is heated to boiling, and 

1. Dilute H(I!1 added to a portion of it, as long as CO 2 is evolved, 
and till the solution is rendered distinctly acid. 

(Small quantities of S 02 Nao 2 and NaCl are almost invariably contained in 
the commercial CONao2 j it is therefore necessary to test a portion of the 
aqueous, or HCl solution of the substance, prepared without the intervention of 
CONaos, for SO2H02 by means of BaCl2. A nitric acid solution of the original 
substance is in like manner tested for HCl by adding N 02 Ago.) 

2. Another portion of the alkaline filtrate is rendered acid by 
means of dilute NO 2 H 0 and boiling. 

3. A third portion is rendered acid by means of dilute 
and lastly — 

4. A fourth portion of the alkaline solution is carefully ncu- 
tralized by first adding dilute NO 2 H 0 , drop by drop, and boiling, 
as long as CO 2 is evolved, and till the solution is distinctly acid to 
test-paper : then by adding a few drops of very dilute AmHo, till 
the solution gives a neutral reaction with blue and red litmus- 
papers. The strictest attention should he paid to these directions^ and 
the least possible excess of either acid or alkali should be employed, 
since the precipitation of several acids is prevented by the formation 
of an ammonic salt in anything like large quantities, on account of 
the formation of a soluble double salt, e.gr., ammonic calcic tartrate, 
ammonic calcic citrate, etc. 

If the preliminary examination for bases has shown the prescnco 
of ammonic salts, it is necessary to decompose them by boiling with 
caustic NaHo, before preparing Solution IV. 

Ebullition or fusion with CONao 2 decomposes the phosphates of 
the alkaline earths but very imperfectly, and the phosphoric acid so 
combined is invariably detected by means of Mo02Amo2. (Comp. 
Table III B.) 

If organic acids are present in combination with heavy metals 
(viz., those of Groups I and II), SH 2 should be passed through the 
slightly acid (HOI) solution and the precipitate filtered ofi*. The 
solution is freed from SHj by boiling, then rendered slightly 


rcH, . 

tCOHo’ 
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I 

alkaline by means of a few drops of NaHo and tested by means of 

CaCl2 (ammonic salts should be carefully avoided). 

No further notice need be taken of the following acids : CO2, 
f CH 

SH2, SO2, NOHo, ClHo, < since they can be detected with 

certainty by a preliminary examination, and as they would, for the 

most part, be lost on acidulating the solutions. 

Portion Acidulated with HCl. 

SO2H02. — On the addition of BaCh a white precipitate, insoluble on 
boiling. 

SiHo4. — On the addition of AmCl or COAmo2 a gelatinous pre- 
cipitate, requiring no further confirmation, since Si02 is left 
on evaporating the filtrate from Group II with NO2H0. 

HiFeCyG. — On the addition of P62CI6 a deep blue precipitate. 

„ „ SO^Feo" light „ „ 

. HcFe2Cyi2. — „ „ „ dark deep „ „ 

„ „ Fe2Cl6 a brown coloration only. — If 

both acids are present, filter off, after adding Pe20lG, and 
observe the colour of the filtrate. On the addition of SnCh, 
or SOH02, to the filtrate,^ a blue precipitate is immediately 
obtained, confirmatory of ^he presence of H6Fe2Cyi*. 

CyHs. — PeaCle produces a blood-red coloration, which is destroyed 
by HgCb and not by HOI (the red colour which acetic acid 
imparts to a solution of Pe^Qh is destroyed by HOI). 

2 IIF,SiF 4 . — On the addition of BaOh a gelatinous translucent 
precipitate of BaF2,SiF4 is obtained, which is decomposed by 
strong acids. Oonfirm by heating the precipitate, when 
volatile SiF4 is given off. Am Ho precipitates gelatinous 
SiHo4 with formation of AmF, BaF2 and OH2. 

Portion Acidulated with NO2H0. 

HOI. — On the addition of NO^Ago a white curdy precipitate, 
soluble in AmHo. For the distinction between hydrochloric 
and chloric acids comp. p. 126 . 

HBr. — On the addition of NOaAgo a yellowish- white precipitate, 
difficultly soluble in AmHo. Oonfirm by adding chlorine 
water to the original solution, and shake up with ether. 
Bromine dissolves to a yellowish-red liquid. 

{ OBr 

— On the addition of N 02 Ago a white amorphous precipi- 
tate, little soluble in water and dilute NO2H0, easily soluble 
in AmHo. — AgBr and | ^^.y be separated by wash- 

ing with water. Argentic bromate being soluble may be 
detected in the solution by the addition of SOHoJ, when a 
precipitate of AgBr is obtained. 

For the distinction between HBr and HCl^ comp, page 122 . 
HI. — On the addition of NOiAgo a yellowish white precipitate, 
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scarcely soluble in AmHo. Confirm by the blue colour im- 
parted to starch paste by the iodine liberated by N2O3 gas. 

— On the addition of NO-iAgo a white precipitate of | OAgo' 


sparingly soluble in dilute NO2H0, soluble in AmHo (Agl 
is insoluble), whence Agl is precipitated on the addition of 
SOH02. On adding acetic acid to a mixture of an iodide 
and iodate the former is instantly decomposed, iodine beiug 
set free, — most readily recognised by the delicate iodide of 


starch reaction. 


Distinction between HGl and HI. — HCl in the presence of 
HI cannot be distinguished in the same ready manner as 
HCl in the presence of HBr. The two acids are preci- 
pitated by N 02 Ago. The precipita fce is digested with AmHo 
and filtered, Agl being insoluble in AmHo. Dilute NO2H0 
reprecipitates white AgCl from the filtrate. 

Distinction between HGl^ HBr^ and HI. — Precipitate the 
HI as CU2I2 by means of SO2CU0'' and S02Peo" or SOH02, 
and filter. Remove the cupric and ferric salts by a little 
pure NaHo, evaporate the filtrate to dryness, and examine 
for HCl and HBr by testing one portion for HCl with 
Cr 206 Ko 2 and SO2H02, and another for HBr by chlorine- 
water and ether. 


HCy. — On the addition of N 02 Ago a white curdy precipitate, 
soluble in AmHo and alkaline cyanides. 

In order to distinguish HCy in the 'presence of HCl, filter 
oflP precipitate, wash well, and ignite in a porcelain crucible 
to red heat. Dissolve the metallic Ag left by the decom- 
position of AgCy with a little hot NO2H0, and test the 
clear solution with HCl. A curdy white precipitate indicates 
HCy. Confiim also by the reaction with ferroso-ferric salts, 
KHo and HCl in a fresh portion of the solution. 

Distinction between HGl, HBr, HI, and HGy. — Test 
specially for HCy, before proceeding to the examination of 
the other acids as described, by treating a small quantity 
of the mixed salts in a porcelain dish with very dilute 
SO2H02, and causing the evolved HCy to »act upon a drop 
of N02Ago, or a little S2Am2, contained in a second por- 
celain dish, inverted over the one containing the mixed 
salts. A white precipitate of AgCy is obtained ; or the 
CyAms which is formed gives a blood-red colour with ferric 
salts, affording equally conclusive evidence of the presence 
of HCy. 

CyHs 1 . . 

H4PeCy6 ? are likewise precipitated on the addition of N02Ago, 

HeFejiOyw j 

and are insoluble in dilute NO2H0. The first and second 
form salts which are insoluble in AmHo, whilst AggPe2Cyi2 
is readily soluble. These acids are, however, best detected in 
the portion acidulated with HCl. 
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No other cyanogen compound but a cyanide gives off HCy whei\ 
treated with very dilute SO2H02, and it is therefore possible also to 
distinguish HCy in the presence of CyHs, CyHo, H4FeCy6, HeFeiCyij. 

r CE[ 

Portion Acidulated with < 

HF. — On the addition of CaCh a white gelatinous precipitate. 
SO2H02 is likewise precipitated by CaCl2 in an acetic ncid 
solution ; it is therefore necessary invariably to test specially 
for HF, by etching on glass. 

I — On the addition of SOaCao'^ a white precipitate of 

f CO 

I obtained, which on ignition leaves COCao"', 

{ CH 

COHo' fluoride is not 

affected.) 

Cr02Ho2. — On the addition of plumbic acetate a yellow precipi- 
tate. 

POH03. — On the addition of Fe2Clg a yellowish-white gelatinous 
precipitate from a solution oi^ a soluble phosphate, or a phos- 
phate decomposable by boiling with CONao2. Arsenic acid, 
if present, should be first removed by means of SH2. 

Portion RendereiJ Neutral. 

TH02. — On the addition of CaCh a white precipitate, soluble in 
AmClorcoldKHo.— SO2H02, ( HP, POH03, 

BH03, SiHo4, CO2, SOH02, are likewise precipitated by CaCli 
from a neutral solution, and TH02 can obviously be detected 
only by further special tests in the presence of any of these 
acids. The most characteristic ’reaction consists in warming 
some TAg02, dissolved in very little dilute AmHo, in a water- 
bath, until a bright mirror of metallic silver is obtained on 
the sides of tke test-tube. 

CiHoa. — On the addition of CaCh no precipitate is obtained till 
excess of AmHo, or CaHo2, has been added and the solution 
boiled. 

The detection of tartaric and citric acids — indicated during 
the preliminary examination by a strong odour of burnt sugar 
— requires great care and strict attention to the few points of 
distinction which exist between them. The precipitate pro- 
duced by CaCh in the cold should be filtered off, and the 
filtrate tested for CiHoa, by adding a drop of AmHo and 
boiling, when a fresh precipitate of calcic citrate is obtained. 
CiAgOa dissolved in dilute AmHo, forms a less lustrous 
mirror, and only after boiling for a long time. 
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BHos. — CaCl* produces from a concentrated solution of a borate a 
whitish precipitate soluble in AmCl. Boric acid is also indi- 
cated in the preliminary examination by the swelling up of 
some of its saline compounds, and the precipitation of a con- 
centrated solution of a borate with concentrated SO 2 H 02 or 
HCl. 

More delicate, however, is the reaction which boric acid 
gives with turmeric paper, and the colour which boric fluoride 
imparts to the flame. (Comp, page 137 and 148.) 

BzHo. — On the addition of PegOle a pale yellow precipitate. Con- 
firm by the reactions which a benzoate gives in the prelimi- 
nary examination, since a precipitate of Pe 2 Ho 6 is frequently 
mistaken for ferric benzoate, owing to imperfect neutraliza- 
tion. 

SuHo*. — On the addition of Pe 2 Cl 6 a reddish brown precipitate. 

For the distinction between benzoic and succinic acids^ com- 
pare page 160. 
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REACTIONS OF THE RARE METALS. 

Metals are termed rare when they occur in nature to a limited 
extent, and, for the most part only, in certain minerals, and in 
certain localities. Some of the heavy metals, possessing very little 
affinity for oxygen, such as Palladium, Rhodium, Osmium, Ruthe- 
nium, and Iridium, are found native^ and associated with the native 
metals Platinum and Gold. Others are found in combination with 
oxygen, such as Titanium, Uranium, Tantalum, and Niobium ; with 
sulphur or arsenic, such as Tungsten or Wolfram, Molybdenum, 
Vanadium, Thallium, and Indium., 

Others, especially the rare metals usually classified among the 
so-called light metals, having a specific gravity for the most part of 
less than 5, and yielding insoluble oxides which are mostly specifi- 
cally heavier than their metals, such. as Glucinum, Zirconium, Tho- 
rium, Cerium, Lanthanum, Didymium, Yttrium, Erbium, are chiefly 
met with in nature as oxides, in combination with silica (sometimes 
combined with titanic, niobic, and tantalic acids) ; and lastly, the 
rare metals of the so-called alkali group, whose oxides possess the 
most pronounced basic character and are soluble in water, such as 
Lithium, Rubidium, and Caesium, are chiefly met with as salts , — 
carbonates, phosphates, or silicates — and in a soluble condition, in 
sea- water, or in certain mineral springs. 

The rare metals cannot be studied with advantage, without 
taking into account their mineralogical associations ; and, as many 
of them have as yet been imperfectly investigated, they present 
difficulties, to be overcome only by careful attention, not merely to 
the distinctive analytical features, but to their general chemical 
history. 

The following is the analytical position assigned to these metals 
by the various group-reagents : — 

Group I. Frecipitated hy HGl: — Tungsten, as tungstic acid ; 

niobium, as niobic acid ; thallium, as chloride. 
(Tantalum, as tantalic acid, and molybdenum, as 
molybdic acid, are soluble in excess^of HCl.) 

Group II. Precipitated hy SH%, from a HCl solution* as suU 
phides : — 

(A.) Insoluble in yellow ammonic sulphide: 

Palladium, rhodium, osmium, and ruthe- 
nium. 
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(B.) SoUille in yellow ammonic sulphide : — Gold, 
platinum, iridium, molybdenum, tellurium, 
and selenium. 

Group III. Precipitated hy AmGl, AmHo^ and SAm^ : — ^Ura- 
nium, indium (thallium), as sulphides ; glucinum or 
beryllium, thorium, zirconium, cerium, lanthanum, 
didymium, yttrium, erbium, titanium, tantalum, and 
niobium, as hydrates. Vanadium, precipitated as 
sulphide, on adding HOI to the filtrate. 

Group IV. None. 

Group V. Lithium, caesium, and rubidium. 

METALS OF THE ALKALIES. 

The alkali metals. Caesium, Rubidium (potassium, sodium), and 
Lithium are remarkable for their highly electropositive character, 
the powerful alkaline nature of their oxides and liydrates, and the 
very general solubility of their salts. Caesium appears to be the 
most highly electropositive member, whilst lithium shows the least 
electropositive character. They exhibit analogous gradations in 
their respective combining weights, fusion-points, specific gravity, 
action upon water, and the solubility of their carbonates, thus : — 

Caesium. Eubidium. Potassium. 

Atomie weights 183 85*6 89 •! 

Fusion-points. . Below 38 ’5 38 * 8 ° C. 62 *5® C. 

Action of the! Decomposes 

water in the cold, 
metals upon hydrogen he- 

water. • . « , . J coming inflamed. 

Solubility ofl OOCSO 3 CORbo 2 COKog 

the respective > v ^ 

carbonates . . J Highly deliquescent, absorbing 
water speedily from the air. 

Lithium, in fact, appears to form the connecting link between the 
alkali metals and the metals of the alkaline earths. This is shown 
more especially by the comparatively insoluble nature of its phos- 
phate and carbonate. 

REACTIONS OP THE RARE METALS OP THE 
ALKALI-GROUP. 

1 . CAESIUm, Cs. Atomic weight, 183. — Occurs in very small quantities in 
many mineral waters, as Chloeidb, and in a few minerals {LepidolUes) j in large 
quantities in the raVe felspathic mineral Pollux, found in Elba, said to contain 
34 per cent, of Caesia. 

Both caesium and rubidium were discovered by Bunsen and Kirchhoff in 
1860, whilst examining spectroscopically the saline residue left on evaporating 
large quantities of the DurJeheim mineral water. The metal caesium haa not 
yet been isolated, but has been obtained in the form of an amalgam. The 
hydrate, CsHo, is very soluble, both in water and alcohol, and very strongly 


Sodium. Lithium. 
28 7 

96® C. 180® C. 

•97 *59 

Do., but does Do., but 
not generally with less 
inflame the violence, 
hydrogen. 

CONao 2 COLiojj 
Not Difficultly 
dcliques- soluble in 
cent. water. 
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alkaline. The carbonate, OOCsoa, resembles potassio and rjnbidic carbonate, but 
is soluble in 5 parts of boiling alcohol, (Distinction fbom OOK02, OONaoa, 
AND OORbOg, WHICH AEE PEACTICALLY INSOLUBLE IN AlCOHOL.) 

EEACTIONS IN THE DEY WAY. 

When heated on platinum wire, in the inner flame of the blowpipe, volatile 
caesium salts impart an intense sky-blue colour to the outer flame. (Uence 
the name of the metai, from caesius, sky-blue.) Wlien examined with the aid 
of a spectroscope, principally two intensely sky-blue lines, Osa and Cs/S, close 
upon the strontium line, Sre?, are seen (together with various other less distinctly 
visible lines in the orange, yellow, and green) . 

EEACTIONS IN THE WET WAY. 

Use A SOLUTION of Caesic Chloeidk, OsCl. 

PtCl4 (Platlnic chlurlile) produces a light yellow crystalline (octahedral) 
precipitate of the double chloride of caesium and platinum, 2CsCl, 
PtCl4, very difiicultly soluble in boiling water — ’377 parts in KX) of water. The 
corresponding potassic platinic cliloride is dissolved by rc])oate(l treatjiient with 
boiling water. 

TH02 (tartaric acid) produces a colourless transparent crystalline precipi- 
tate of hydric caesic tartrate, THoCso ; about 8 times more soluble in water 
than the corresponding rubidium salt. 

Method of Separation of Cs from Rh. — SnCl4, added to a solution of the 
chlorides of Na, K, Li, Rb, and Os, containing free HCl, forms a heavy white 
precipitate, consisting of nearly pure ca^ic stannic chloride, 2Cs01,SnCl4. By 
recrystallization from a hot hydrochloric acid solution, the crystals are obtained 
pure. This reaction aflbrds an easy method of detecting caesium in a mixture of 
the alkaline chlorides. A hydrochloric solution of SbCJ^ acts similarly, by preci- 
pitating a crystalline double chloride of CsCl, SbCl^. The precipitate is decom- 
posed by water, but can be washed witliodt decomposition with concentrated 
HCl. The other alkaline chlorides (K, Na, and Rb) are not precipitated. 

2. RUBIDIUM, Rb. Atomic weight, 85 5. — Occurs widely diffused in 
nature. It is met with, although only in very small quantities, in a large number 
of minerals, in Lepidolites and in mineral waters, likewise in the ashes of many 
plants, such as tobacco, coflee, beetroot, &c. The metal is obtained, like potas- 
sium, by heating the carbonate with carbon. It is white, more easily fusible 
and convertible into vapour than potassium, g-nd takes fire spontaneously in air. 
Its oxide, rubidia, ORhi, is a powerful base, and its salts, like the corresponding 
caesium salts, are isomorphous with those of the metal potassium. The hydrate, 
RbHo, is strongly alkaline, and very soluble in water and alcohol. The car- 
bonate, CORbog, is a deliquescent salt, insoluble in alcohoL 

EEACTIONS IN THE DEY WAY. 

Volatile rubidium salts, when heated on a platinum wire in the inner blow- 
pipe flame, colour the outer flame dark red (hence the name rubidium, from 
rubiduSy dark red). When examined spectroscopically, two dark red lines, 
and Rby, on the extreme left of the solar spectrum and close to the potas- 
sium line, together with two distinctly Tlolet lines, and several weaker lines 
in the yellow, readily distinguish rubidium compounds. 

EEACTIONS IN THE WET WAY. , 

A SOLUTION OF Rubidic Chloeide, RbCl is employed. , 

PtCl4 (platinic chloride) produces a light yellow crystalline (octahedral) 
precipitate of ruhldlc platinic chloride, 2RbCl,PtCl4, very difficultly soluble 
in boiling water. The solubility of the double chlorides of platinum and potas- 
eium, rubidium, or caesium is respectively as 5*18, *634, and *377 in 100 parts of 
boiling water. (Method of Separation of K from Rh and €$,) 

P 2 
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THos (tartaric acid) yields a white precipitate of liydrlc rubldlc tar- 
trate, THoRbo, which is soluble in 10*3 parts of water of 26® C. 

Rubidium and caesium resemble potassium, also, in forming alums, which 
differ considerably in their solubility in water. 100 parts of water of 17° C. 
dissolye 13*5 parts of potassium-alum, 2*27 of rubidium — and only 0*62 parts of 
caesium-alum. 

Separation of Caesium from ’Rubidium, — The seyeral platinum salts are first 
prepared j and ^ter having boon gently heated in a current of hydrogen, the 
CsCl and RbCl can be separated from the metallic platinum by hot water. The 
two chlorides are next converted into carbonates, by digestion with COAgOj. 
The solution can then be evaporated to dryness, and the COCsog extracted with 
boiling alcohol, CORbo 2 being insoluble. Or the carbonates may be converted 
into acid tartrates, by adding to tlie solution twice as much tartaric acid as is 
necessary to neutralise it. The two tartrates are separated by fractional crystal- 
lisation, hydric rubidic tartrate crystallising out first, being about 8 times more 
insoluble in water than the hydric caesic tartrate. On ignition, the pure tar- 
trate yields again the carbonate, from which the various salts may then be 
prepared. 

3. LITHICJM, Li. Atomic weight, 7. — Appears to be widely diffused in 
nature, although it is found, in anything like quantities, only in a few silicates, 
especially in lithia mica or lepidolite (2 to 5 per cent, of Li), in petalite and 
spodumene, and in a few phosphates, such as triphylline, or ferrous [man- 
ganous] lithic phosphate, 3P202Feo"3, POLioa (with 3 to 4 per cent, of Li), and 
amhlygonite (6 to 9 per cent, of Li). If has also been found in many mineral 
springs — most abundantly as yet in a mineral spring in Cornwall — in sea- 
water, in the ashes of various kinds of tobacco, and other plants, and in some 
meteorites. 

The metal lithium is much less oxidisable than potassium and sodium. It 
makes a lead- grey streak on paper. When freshly cut, it has the colour of silver ; 
but it tarnishes quickly, on exposure to the air, becoming slightly yellow. It is 
harder than potassium and sodium, but softer than lead. It floats on rock oil, 
and is the lightest of all known solids, its specific gravity being only *59. It 
decomposes water at the ordinary temperature, with evolution of hydrogen, 
forming lithic hydrate, LiHo, but does not melt, and it ignites in air only far 
above its melting point (180® C.). The oxide, OLi 2 , is not deliquescent. The 
metal is prepared by passing a powerful g^vanic current into fused lithic 
chloride. 

EEACTIONS ,IN THE DBY WAT. 

Lithium salts are more fusible than potassium or sodium salts, and impart 
a very distinct carmine-red colour to the blowpipe flame, when heated on 
platinum wire. An excess of potassium salt does not materially interfere with 
the proiiuction of this colour ; but the presence of a small quantity of soda gives 
rise to a yellow flame. Litliic phosphate requires to be moistened first with 
hydrochloric acid. Silicates containing lithia must first be decomposed by means 
of oil of vitriol, or by fusion with calcic sulphate, or also by treatment with 
hydrofluoric acid. By means of the spectroscope the occurrence of very minute 
traces of lithium may be readily detected by a brilliant crimson band, Lia, 
between the lines B and C, and sometimes a faint yellow lino, if the flame of a 
good Bunsen burner be employed. 

EEACTIONS IN THE WET WAT. 

We employ a sotiUTiON OF Lithic Chloeidb, LiCl. 

PtCl 4 produces no precipitate. 

POHoNao 2 (bydrlc disodlc phosphate) — but not the corresponding 
potassium salt^ — produces on boiling a white precipitate of lithic phosphate, 
2POLio8 + Aq, very little soluble in cold water (2600 pirts) , soluble in HCl, 
and reprecipitated only, on boiling, after neutralisation with AmHo. 

Lithic Carbonate, especially after having been fused, is difilcultly sol^uble 
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in cold water, hence alkaline carbonates yield from concentrated solutions of 
lithium salts a crystalline precipitate of litmc carbonate, OOLio^ (1 part of the 
carbonate requires 100 parts of cold water for its solution, but less of boiling 
water). It is insoluble in alcohol. 

Hydric llthic tartrate is soluble. 

liithlc stlicofluorlde is almost insoluble. 

Separation of lithium . — From potassium, as well as caesium and rubidium, 
it may be separated by means of PtOli. From sodium, by converting the two 
alkalies into the chlorides, evaporating to dryness, and treating the dried chlo- 
rides in a stoppered bottle with a mixture of ether and absolute alcohol. Jn the 
course of a few days the LiCl will be found dissolved out, NaCl (like KCl) being 
insoluble in absolute alcohol and ether. 

Bemarlc . — The student will now have no diflBculty in constructing 
a table for the separation of these five metals. 

Exteaction of Lithium feom Teiphylline.— Dissolve the powdered ore 
in HCl, with a little NO 2 H 0 (in order to convert Fe" into Fe*^), neutralize with 
AmHo, when p202Fe20^S and P202Mno''3 are precipitated. The solution, on filter- 
ing, may contain some more phosphoric acid, which may be removed by adding 
SBa, and filtering ofP the precipitated POHoBao. On removing the excess of SBa, 
with a few drops of SO 2 H 02 , and evaporating the filtrate, and driving off the 
ammonium salts by gentle ignition, lithic chloride is left. The hydrate may be 
prepared from this by evaporation with sulphuric acid (so as to obtain S 03 Lio 2 ) , 
and addition of BaHo 2 , and filtering. The excess of BaHo 2 is cautiously 
removed from the filtrate bj means of SO 2 H 02 . On evaporation, white crystal- 
line, strongly alkaline, lithic hydrate, liHo, is left. 

REACTIONS OF THE RARE METALS OF 
GROUP* III. 

Group III comprises the Rare Metals Uranium, Indium (Thal- 
lium), Glucinum, Thorium, Zirconium, Cerium, Lanthanum, Didy- 
MiuM, Titanium, Tantalum, Niobium, Yttrium, Erbium, and Vana- 

DIUM. 

In considering the reactions by which these rare bodies may be 
recognized, we cannot do better than avail ourselves of the classifi- 
cation which nature itself has traepd out in the groups of rare 
minerals in which they occur. As it is extremely difficult to com- 
mercially obtain any of their salts in a pure state, and as the price 
charged for them puts them out of the reach of most students, it 
will be preferable to sketch out briefly, also, how the minerals them- 
selves can be made to furnish the several salts, when once the 
mineralogical character and locality of the minerals have marked 
them out as likely to contain any rare metals. 


(A.) Rare metals precipitated by the group-reagents AmCl, 
AmHo, and SAm2, in the form of oxides (hydrates). 

Besides the metals aluminium and chromium, already treated of 
in the main portion of the book, there are : — ^ 

1. GLUCIHOM (Beryllium) Gl" (or Be"). Atomic weight, 9*4. — This metal 
occurs only in a few minerals, and is found very locally, as a Silicate, in 
phenaeite, SiGloa (45 per cent, of GIO), combing with aluminic silioata; in 
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heryl^ Sifl06Al2o’^GI’lo"s (13*8 per cent, of OTO), and in vnaragdite, in euclasBy and 
some other rare minerals, such as leucophane. 

The metal is prepared, like the metal aluminium, from the chloride. It is 
■white, and has a specific ^vity of 2*1. It resembles aluminium in dissolving 
in HCl, as well as KHo, with evolution of hydrogen. Its oxide forms a white 
powder, insoluble in water. It may be prepared by fusing finely-powdered 
native silicate with 4 parts of its weight of fusion-mixture, decomposing the 
mass with HCl, and evaporating to dryness to separate the Si02. From the 
HOI filtrate both the AI0O3 Und GtlO are precipita^ by means of AmHo. On 
boiling the precipitate, however, for some time with AmCl, NH3 is evolved, and 
glucinuni is dissolved out as chloride, Q-l"0l2. The insoluble AI^Hoq remains 
behind. Pure glucina can then be precipitated from the filtrate by means of 
AmHo, ns gelatinous hydrate, GHII02, w'hich on ignition yields the white anhy- 
drous glucina, CHO, of specific gravity 3*08. 

From the oxide wc can obtain the salts by dissolving in the respective acids, 
or by double decomposition, from one of its soluble salts. Gtlucina resembles 
alumina, inasmuch as it combines also both with acids and bases. Its salts are 
colourless, and of a sweet, slightly astringent taste ; they show an acid reaction. 

EEACTIONS IN THE DRY WAY. 

Glucinum comjiounds give no characteristic reactions in the dry way. 
N2O4C00" yields a grey mass. 

REACTIONS IN THE WET WAY. 

Use A SOLUTION of GlUCINIC SuLP&ATB, SO2GH0". 

The nrroup-reaiirents AmHo and SAm2, as well as the fixed caustic alkalies 
and alkaline earthy bases, precipitate grluclnlc bydrate, GhlHo2 (flocculent), 
soluble, like AI2H03, in excess of the fixed alkalies, but not in ammonia. On 
boiling, GIH02 is almost completely rgprecipitated from a dilute NaHo or KHo 
solution. (Distinction from AI2O3.) Like AI2O3, it is reprecipitated also on 
the addition of AmCl. 

COAmog gives a white precipitate of f?] acinic carbonate, COGlo", freely 
soluble in excess, reprecipitated as basic carbonate on boiling. (Distinc- 
tion from AI 2 O 3 .) 

OONao2, or OOK02, precipitates likewise white carbonate, soluble only in large 
excess of the precipitaiits. 

COBuo" precipitates glucinura comj)letely, even in the cold. 

Besides these characteristic roaclions, we may mention the difficultly soluble 
double sulphate 3Aq, which the readily soluble glucinic sul- 

phate forms, when brought together with potnssic sulphate. 

Separation of AI2O3 from GIG. — ^Dissolve in HCl ; ‘pour slowly, and with 
continued stining, into a warm concentrated solution of COAmo2. A precipi- 
tate forms, consisting of Al2H()6, the solution containing the glueinum as double 
carbonate. Neutralize with HCl ; boil and add AmHo. GIH02 is precipitated. 


2. ZIBCONIURIy Zr*^. Atomic weight, 89*6. — Found as Silicate, chiefly 
in the rare mineral zircon, SiZro*^. The silicate is not attacked bv acids, and 
the finely elutriated substance must be decomposed by fusion at a nigh tempe- 
rature with fusion-mixture. Tlie mass is extracted with water, evaporatecl to 
dryness with HCl, irt order to remove Si02, and to decompose the insoluble, 
sandy-look^ng disudic zfreouate, ZrONaoo, and is then precipitated with 
ammonia. The metal itself has been obtained in white metallic looking scales, 
of specific gravity 4*1, by the decomposition of the double fluoride of potassium 
and zirconium, 2KF,ZrF4, by means of metallic aluminium. The hydrate is a 
voluminous white body, resembling Al2Hog. It dries up to yellowish, trans- 
parent lumps, ZrHo4, which dissolve readily in acids. On ignition, tliis hydrate 
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losM its water, and undergoes A molectdar change, when the didiide, or zircouio 
anhydride, ZrOs, is no longer soluble in dilute acids. 

Zirconium salts, obtained bj dissolving the hydrate in dilute acids, are 
colourless, and of an astringent taste. 

RIC ACTION a IN THE DRY WAT. 

Of all the earthy oxides, ZrOg is the only one which remains entirely unaltered 
when submitted to the atrtion of the oxyhydrogen blowpipe, and gives out the most 
intense and the most fixed light. Moistened with lir204Coo'', and intensely 
heated, the mass becomes of a dirty Ytolet colour. With borax, ZrO^ yields a 
colourless glass which becomes slightly opaque when cold. 

REACTIONS IN THE WET WAY. 

Use a SOLUTION of Zirconic Sulphate, S.j04Zro‘^. 

The §rroup-reai:ents, SAin2 or AmHo, produce a white JlocculeM precipitate 
of zirconic hydrate, Zrllo4, insoluble in excess ; insoluble also in NaHo 
or KHo (Distinction from A 1 and GW). 

£Ho, or NaHo, same precipitate, insoluble in excess, not dissolved by a boil- 
ing solution of AniCl (Distinction from Ol). 

OOAmo2 produces a white Ji .cculent precipitate of a basic carbonate, 
readily soluble in excess, reprecipitated on boiling (Distinction prom 
A l). 

COK02 and CONaoa, same precipitate, redissolves in a large excess of OOK02, 
especially of OOHoKo (Distinction from Al). 

OOBao" gives no precipitate in the cold, and precipitates glucinum salts im- 
perfectly, even on boiling. 

(bxalic acid gives a bulky precipitate of zirconic oxalate (Distinction 
PROM Al AND Q- 1 ) , insoluble in exce^ss, difficultly soluble in II Cl, soluble in 
excess of ammonic oxalate (Distinction from Th). 

HF produces no precipitate (Distinction from Th and Y). 

SSONao2 precipitates zirconic hyposulphite (SSO)2Zro‘^ (Distinction 
from y, Er, AND Di). The separation takes place on boiling, even in the 
presence of 100 parts of water to one of Zr02 (Distinction from Ce 
AND La) . 

Zirconic sulphate, S204Zro*'', forms with potassic sulphate an insoluble double 
sulphate of Zr and K, insoluble in excess of SO2K02 (Distinction from Al 
AND Gil). When precipitated cold, it dis^t^olvcs readily in a large proportion of 
HCl, but is almost insoluble in water, and HCl, when the SO2E02 is added to a 
hot solution (Distinction from Th and Ce). 

Turmeric paper, when dipped into a hydrochloric acid solution of a zirco- 
nium salt, acquires a.m hrownish-red colour after drying in the water-bath (Dis- 
tinction PROM Th). But titanic acid — the only othcT metal which affects 
turmeric paper under the same circumstances — coldurs the paper hrown^ and its 
presence may therefore prevent the zirconium from being recognized. If the Ti 02 
be, however, first reduced, by means of zinc and HCl, to the state of sesqui- 
chloride— the reduction being marked in the solution by a change of colour to 
pale violet or blue — it no longer colours turmeric paper, and any change in the 
colour of the latter is then due to zirconium alone. The reaction requires p’eat 
care, however, as, on exposure of the paper to air, the 'Tf"203, passing again to 
the state of Ti^^02, would in its turn colour the turmeric paper, and thus render 
the observation doubtful. • 

Certain chemical discrepancies in the behaviour of the zirconiun^ compounds, 
but more especially the fact that the specific gravity of zircons from various 
localities differs greatly, have led chemists to suspect that ZrOg really consists of 
a mixture of two or more closely aUied oxides, Uke the metals of the yttrium and 
cerium group. Ho method has, however, as yet been devised for isolating an^ 
* other oxide. 
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8. THORIUM, T]^>^ Atomic weight 284. — ^Pound in a few rare minerals 
only, Tiz., in thorite (oran^ite), consisting principally of a hydrated silicate 
(8SiTho*^.40H2), in monacite and pyrochlor. 

Thorite is decomposed by moderately concentrated SOjHoo, and also by con- 
centrated HCl. The oxide or anhydride, ThOn, is white when cold, yellow when 
hot. The moist hydrate dissolves readily in acids ; the dried hydmte only with 
difficulty. Thorium salts containing colourless acids are white. 

EEACTIONS IN THE DBT WAY. 

Th02, when heated before the blowpipe, remains infusible ; it imparts no 
tinge to the flame, and gives a colov/rless borax bead. It yields no characteristic 
reaction with N2O4C00”. 


EEACTIONS IN THE WET WAY. 

Use a solution of Thoeio Sulphate, S204Tho*''. 

SAm2, or AmHo (gri^oup-rea^ents), precipitates the lohite gelatinoui 
hydrate, ThOno2, insoluble in excess. 

ZHo, or NaHo, same precipitate, insoluble in excess (Distinction fbom A1 
AND ai). 

OOAmo2, COK02, or CONao2, precipitates white basic thoric carbonate, 
readily soluble in an excess of the precipitants, difficultly soluble in 
dilute solutions (Distinction feom A1). From a solution in OOAmo2 
thoric carbonate is reprecipitated, even at 50° C. 

OOBao'' precipitates thorium salts completely in the cold. 

Oxalic acid produces a tohHe precipitate (Distinction fbom A1 and G1) , 
not soluble in excess nor in dilhte mineral acids ; soluble in ammonic 
acetate, containing free acetic acid (Distinction feom Y and Ce). 

HF precipitates gelatinous thoric tetrafluoride, ThF4, which becomes 
pulverulent after some time j the precipitate is insoluble in water, and in HF 
(Distinction fbom A1, Q-1, Zr, and 1x02). 

SSONaog precipitates thoric hyposulphite, (SSO)2Tho*^ mixed with sul- 
phur, from neutral or acid solutions. The precipitation is not complete (Dis- 
tinction feom Y, Er, AND Di). 

A boiling concentrated solution of SO2K02 precipitates slowly, but completely, 
the whole of the thorium sulphate as white crystalline insoluble potassio* 
thoric sulphate (S02)4Ko4Tho*’^ + 2OH2 (Distinction feom A1 and Ul), 
soluble with difficulty in cold, and also in hot water, readily on the addition of 
some HCl. 

4. YTTRIUM, Y". Atomic weight, (51*7 5 and 5, ERBIUM, Er". Atomic 
weight, 112’6. — These very rare elements are only found in a few minerals, in 
ytterhyte, or gadolinite^ orthitCy yttroiantalite, etc. The metals have never been 
obtained pure. Yttrium and erbium always occur togethexin nature, and closely 
re^mble the metals of the cerite group. They differ from most other earths in 
being completely soluble in acids, even after ignition, and from the cerite oxides, 
by not forming an insoluble double sulphate with potassic sulphate. In other 
respects the two exhibit almost the same behaviour with reagents, and can only 
be approximately separated from each other. The colour of the yttrium salts is 
white. Erbium salts have a more or less bright rose tint, crystallise readily, and 
possess a sweet astringent taste. Anhydrous YOI2, is not volatile (Distinction 
FBOM Al, Gl, AND Zr.) 

BEACTIONS IN THE DBY WAY. 

No peculiar reaction with borax, no colour to the flame, and a Brcyl^h-blue 
coloured mate with N2O4C00’'. 

BEACTIONS in THE WET WAY. 

Use BOitTTiONS oe the Nitbatbs, WjO.Yo" and M’.O.Ero", and test them 
side by side. 
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SAms, or AmHo (ffroap-reavents) precipitates the hydrates, insoluble 
in excess. Large excess of SAnis somewhat prevents the precipitation of 
yttric hydrate. 

KHo, or NaHo, precipitates white hydrates, YH03, or ErHo^, insoluble in 
excess (distinction peom A1 and Q- 1 ). The precipitation of yttrium 
by alkaline hydrates is not prevented by the presence of TH02 (dis- 
tinction FBOM Al, 01, Th, AND Zr), yttrium being slowly but Jompletely 
precipitated as tartrate, TYo". 

OOK02, and OONaoa precipitate white carbonates, difficultly soluble in 
excess, more readily soluble in COHoKo, and in OOAmo^ (but not so 
readily as OOQ-lo") . On boiling the whole of the yttria is deposited 
(distinction of Y fsom Al, Orly Th, Ce, and Di). AmCl decomposes 
OOYo", with evolution of KH3 and CO2, and formation of YCI2. Satu- 
rated solutions of COYo'', in OOAmo2, have a tendency to deposit the 

double carbonate, ooAmo^^^ * 

OOBao" produces with erbium salts no precipitate, either in the cold, or on 
heating ; and yttrium salts are but in^rfectly precipitated on heating. 
(Distinction of Er and Y feom Al, Gfl, Th, Ce, La, Di). 

Oxalic Acid produces a precipitate of white yttric oxalate, 

(Distinction of Y fbom Al and Q 1 ), insoluble in 

excess, difficultly soluble in dilute HCl, and partially dissolved by boiling 
with ammonic oxalate. Erbium salts are likewise precipitated as oxalate, 

{ CO 

QQEro'',OH2, in the form of ajight rose-coloured , heavy sandy powder. 

HE precipitates white amorphous hydrated yttric fluoride, insoluble 
in water and HE j soluble, before ignition, in mineral acids ; decom- 
posed only by strong SO2H02. (Distinction of Y fbom Al, Ol, Zr, 
AND Ti.) 

' * 

A cold saturated solution of SO2Y0" becomes turbid between 30 ®— 40 '’ C., and 
on boiling, is precipitated almost entirely. 

SOnEro" forms with SO2K03, potasaio-erbic sulphate, S204Ko2Ero", 
difficultly soluble in cold water, when hydrated, but readily soluble in the 
anhydrous condition, and on warming. 

PotasBic yttric sulphate, S2O4K02Y0", dissolves readily in water, and in 
a solution of 803X02* (distinction of Y and Er fbom Th, Zr, and the Metals 
of the Cebite Q-bottp). • 

When erbium nitrate is heated on a platinum wire in a gas flame, it imparts 
an intense greenish colour to the flame, which, when seen through the spectro- 
scope shows bright lines in the yellow and green, also in the orange and in the 
blue in an otherwise continuous spectrum. These bright lines coincide with 
certain black, so-called absorption- bands, which erbium gives when white light 
is passed through a conceiitrated solution of its salts. ’&ese absorption -bands 
are characteristic for erbium, as yttrium solutions show none under like circum- 
stances. 

Sefabation of Y fbom Er. — The different solubility of the nitrates of 
erbium and yttrium in water has been made available for the separation of these 
two closely allied metals. On heating a mixture of their nitrates to incipient 
decomposition, and dissolving the residue in boiling water, the solution deposits 
on cooling rose-red crystals of basic erbic nitrate,, N203(Er02)"Ero", whilst the 
mother-liquor contains chiefly vttric nitrate. By repeating this same process of 
separation several times over, the earths may be obtained pure by Anally igniting 
the nitrates. * 


6. CERIUM, Ce'^ and K Atomic weight, 92 . 7 . LANTHANUM, La^ 
Atomic weight, 92 * 8 . 8. DIDYMIUM, Di . Atomic weight, 96 . These three 
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Ttute metalt eDOsCitfule, like yttfimn Mid etbioia, a group whicli may ODuteaiintly 
be studied together. The most abundant of the few cerium minerals is Gertie, a 
hydrated sii ioatb of the three metals, Ce, La, and Di, as well as of iron and 
ealoium, Si[Ceo''Lao"Dio"I’eo"Cao"]2- The finely-powdered mineral is readily 
•»d completely decomposed by boiling with coneentrated HOI, or aqua regia ; or 
fusion with fusion-mixture } or lastly, by boiling with concentrated SOsHo^. 


CERIUM. — This metal exists both in the dyad, pseudo-triad, and tetrad con- 
dition. Thus it forms the several oxides : — 


Ce"0 'Ce^'A and 00304 - Ce0,Ce203. 

Cerous oxide. Ceric oxide Ceric Ceroso-ceric oxide, or 

(sesquioxide.) dioxide. triceric tetroxide. 

Cerous and ceric oxide arc both capable of combining with acids to form two 
series of salts, of which the cerous are the more stable and most important. They 
are colourless, or slightly amethyst-red and acid to litmus. Cerous chloride is 
not volatile (Distinction fbom A 1 , Q- 1 , and Zr). Cerous sulphate is not entirely 
soluble in boiling water. 


EBACTIONS IN THE DEY WAT. 

All cerium compounds give with borax, or microcosmic salt, in the outer 
flame, a clear bead which is dar^ red while hot (Distinction feom the pee- 
CEDING lAETHs), fainter or nearly colourless on cooling. In the inner flame, a 
dolou/rless bead, or if ceric oxide is present, a yellow opaque bead is obtained. 
Lanthanum compounds give colourless beads, and didymium compounds give 
with borax colourless, or, if in large quantity, pale rose-coloured beads, in both 
flames, and with microcosmic salt, in the reducing flame, an amethyst-red bead, 
inclining to riolet, 

< 

EEACTIONS IN THE WET WAT. 

A. CEROUS COMPOUNDS. — We employ A SOLUTION of Cbeous Cslo- 

SIDE, Ce'^Cla. 

SAm2 (sroup-rea^ent) throws down the white cerons hydrate, CeHo2, 
insoluble in excess. 

AmHo precipitates a hasle salt, insoluble in excess j the presence of TH02 
prevents the precipitation by AmHo (Distinction ^eom Y), but not by 

KHo, or ^aHo, precipitates white cerous hydrate, insoluble in excess, which 
turns yellow on exposure to the air, or when acted upon by oxidising 
agents, such as olilorine water, sodic hypochlorite, etc., being converted 
into the yellow hydrated ceroso-ceric oxide, 0 e^ 4 , 30 H 2 (Distinction 
feom A 1 and Gtl) . 

OOK02) OONao2, or COAmo2, produces a white precipitate of cerous car- 
bonate, COCeo", sparingly soluble in excess of the fixed carbonates, 
somewhat more soluble in COAmoo ; insoluble in water and CO2 ; decom- 
posed by dilute acids. 

OODao" precipitates cerium salts slowly, but completely on standing. 

Oxalic Acid, or Ammontc oxalate, precipitates cerium compounds com- 
pletely, even firom moderately acid solutions, as a cur-dy white precipitate (turn- 
ing slowly crystalline^of cerous oxalaie,| ^^Ceo", insoluble in excess of 

the precipitants (distinction feom Zr), but soluble in a large excess of HCl^ 
On ignition cerous oxalate leaves yellowish-white ceroso-ceric oxide, 06304 (Dis- 
tinction FEOM A 1 AND 01 , which form soluble oxalates). 

- A saturated solution of potassic sulphate produces a whHe crystalline preci- 
pitate of potasslo-ccrous-sulphate, 8204^02000", even from somewhat acid 
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aolutiont (DiSTiiKmoir vboic A1 ajo) Ghl) ; difficultly soluble vbl ookL water, 
readily soluble on beating ; quite insoluble in a saturated solution of 
(Distinction fboic Y and Er) ; soluble in much dilute HCl. With dilute solu- 
dons the precipitate takes some time to form. 

This characteristic precipitate, as well as the easily distinguishable oxalate, 
and the yellow precipitate of ceroso-oeric oxide — ^free from La and Di, precipitable 
in the filtrate as oxalates — which oxidizing agents produce, serre to distinguish 
cerium from all other metals. 

Sepaeation op Ce peom La and Di. — A convenient method of oxidizing 
and separating cerous salts consists, according to Oibhs^ in treating with PbO^ 
and dilute NO2H0 (analogous to the oxidation of manganous to a higher oxide), 
when the solution turns yellow, even if only small quantities of cerium be present. 
By evaporating the yellowish solution to dryness and heating sufficiently to drive 
off part of the NO2H0, so as to form a basic ceric nitrate, insoluble in water or 
dilute NOgHo, lanthanum and didymium can be dissolved out as nitrates. After 
removing the plumbic nitrate from the solution by Sllg, the La and Di are pre- 
cipitated as oxalates. The residuaiy basic ceric nitrate is dissolved In fuming 
NO2H0, any lead removed by SH2, and the cerium precipitated as oxalate. 

B. CERIC CORPOIJNDS, — Salts of such as the sulphate, oxa- 

late, etc., are yellow, and are either difficultly soluble, or insoluble, in water. 
Dyad cerium appears, in fact, to give rise to more stable compounds ; thus 06203, 
when heated with HCl does not form Ce2Cls, but yields 20eCl2 + CI2. 

Oxidizing agents, such as Cl, passoddnto a solution of KHo, containing CeHo2 
in suspension, sodic hypochlorite, Pb02 and NO2H0, HgrO and potassic perman- 
ganate, convert cerous into ceric compounds, and furnish methoos for the separa- 
tion of Ce from La and Di. Reducing agents produce the reverse chemical 
action. Cerium resembles in this respect iron rather than aluminium. 


liANTHANIJM. — This metal forms only proto-salts, which are colourless, 
when free from didynduin salts, and possess a sweet astringent taste. Lanthanio 
oxide is wliite, and is not altered, even by strong ignition (distinction pbok Ce), 
being still readily soluble in acids. Both the oxide and the hydrate turn red 
litmus paper blue. It decomposes ammonium i^lts, in solution, on boiling, with 
evolution of NHs. Lanthanum resembles in this respect magnesium. A solution, 
saturated in the cold, of lanthanic sulphate deposits a portion of the salt already 
at 30** C. (distinction feom Ce'^). In its«reactions lanthanum closely resembles 
cerium. 

reactions in the wet way. 

Use A solution Lanthanic Chloride, La"Cl2. 

SAm2, or AmHo, precipitates basic salts which pass milky through the filteri 
on washing. 

KHo, or NaHo, precipitates lanthanic hydrate, LaHo2, insoluble in excess, 
unalterable in the air, or in the presence of oxidizing agents (distinction 
PROM Ce). 

OOAmo2 gives a precipitate which is insoluble in an excess of the precipitant 
(distinction prom Ce). 

OOKa2, or OONao2, OOBao'^ oxalic acid, or potassic snlphatc, give the 

same precipitates as with cerium salts. ^ 

When the slimy precipitate which a cold dilute solution of lanthanic acetate 
yields, on supersaturation with AmHo, is washed repeatedly with cold water, 
and a few small crystals of iodine added to it, a blue coloration is produced 
which gradually pervades the entire xmxture {characteristic for La compounds 
onlf). 
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DIDYMIUM. — This metal forms likewise only proto-salts, coloured a pure 
pink, like the sulphate, or rose-red ; sometimes a faint riolet, like the nitrate. 
The oxide is pure white and remains soluble in acids when strongly ignited. (The 
existence of a peroxide Di*^02 is doubtful.) In contact with water it is slowly 
converted into the hydrate, without acquiring an alkaline reaction. It rapidly 
attracts CO2, and is readily dissolved by the weakest acids. It expels ammonia 
from ammonium salts when boiled with them. The chloride, DiCls, is not vola- 
tile. The nitrate, on heating, is converted into a basic salt, N20(Di02)"8l^io" 
+ 5Aq. (Distinotion fbom La), which is grey when hot and also when cold 
(Distinction fbom Er) . A saturated solution of didymic sulphate begins to 
deposit red crystals of the salt at 63° C. until at 100° C., one part of the salt only 
is held in solution by 60 parts of water (Method of sepaeation of La feom 
Di). Didymium salts resemble in their chemical deportment lanthanum and 
cerium salts. 


EEACTIONS IN THE WET WAT. 

We may employ A soltttion of the Chloeidb, Di"Cl2, or Sulphate, 
SOaDio". 

SAm2, or AmHo (ffroup-reagr^nts), precipitates basic salt, insoluble in 
AmHo, but slightly soluble in AmCl, with displacement of NH3. 

KHo, or NaHo, precipitates gelatinous didymic hydrate, DiHo2, resembling 
AI2H06, but of a pale-rose colour. It is insoluble in excess, and does not 
alter in the air. 

OOKoj, CONao2, OOAmo2, produces a copious precipitate of didymic car- 

bonate, CODio", insoluble in excess of the precipitants (Distinction 
FEOM Ce) , but slightly soluble in a concentrated solution of AmCl. 

OOBao" precipitates didymium compounds slowly (more slowly than Ce or 
La), and never completely. 

Oxalic acid precipitates didymium salts, ^^Dio" + 4Aq^, almost com- 
pletely, ammonic oxalate completely. The precipitate is difficultly soluble 
in cold HCl, but dissolves on heating, 

A concentrated solution of SO2K02, or better still, S02Nao2, precipitates didy- 
mium solutions more slowly and less completely than cerous solutions, as a rose* 
white potassio-didymic aulphate, S204Ko2Dio^^ + Aq, slightly soluble in 
water, less soluble in an excess of the reagent, difficultly soluble in hot HCl. 

When a ray of white light is sent through a didymium solution, and examined 
by the spectroscope, dark bands are seen in the continuous spectrum. Dilute 
solutions show these absorption bands in the yellow and green, concentrated solu- 
tions exhibit, in addition, several other well defined narrower bands in various 
other parts of the spectrum, 

ItsmarJe . — In order to master still more completely the reactions for the 
8 earthy metals already treated of, the student should tabulate them according 
to the scheme given on page 62, when the slight differences which exist between 
many of their reactions, and which often furnish the only means for their separa- 
tion, are brought out still more prominently. 


9. TITAN IUM , Ti" and Atomic weight 60.— This, as well as the two next 
following metals (usually treated of in Group III, because they are precipitated 
by the group reagents, AmCl, AmHo, and SAm2), differ entirely from the pre- 
viously treated metals. Their anhydrides, Ti^^Oj, Ta^205, and are 

essentijdly acids, analo|ous to SiOg, SnOg, SbgOs, etc., and are found in nature 
either in tha uncombined state (TiOg) , or combined with various metallic bases, 
as Titanatbs, Tantalates, and Niobates. 

Titanium is found as Anhtdbide (almost pure) in the minerals RuHle^ 
A-natOtse^ and BrooJcite ; combined with bases, chiefly lime, in Titanite^ TiOCao^^, 
in titaniferouB iron, n(F6g0f), m(TiOBio^^, and is found in small quantities in 
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many iron ores, in fire-clays, and generally in Silicates, (Hence its occurrence in 
blast-furnace slags, as Nitride^ TiCy3,3Ti3N3, in bright copper-coloured cubes.) 

Titanium forms several oxides, of which two are known with certainty, and 
one whose existence is probable, viz. : — 

Ti''0 'Ti'''208 Ti^^Og. 

Titanous oxide Titanic oxide Titanic anhydride, 

(probable) . (sesquioxide) . 

The last oxide, acting as a weak base, and forming mostly very unstable salts, 
and likewise as an acid, is the only one which ih of sufficient importance to be 
studied analytically. 

In order to prepare some pure titanic anhydride, finely-powdered rutile is 
fused with 3 parts of OOKog, the fused mass powdered and treated with cold 
water, which removes SiOg and alkaline silicates, and leaves insoluble potassic 
titanate, TiOEog, together with ferric oxide. This is washed by decantation 
or on a filter, with cold water, and dissolved in cold dilute HCl. On diluting 
considerably with water and heating to boiling, for some time, the whole of the 
titanium is precipitated as meta-titanic bydrate Ti^^OHog (Fe being held 
in solution by the acid), which differs from (ortho) titanic acid in being quite 
insoluble in all acids, except strong sulphuric acid, whilst titanic hydrate (ob- 
tained by precipitation with alkalies), of exactly the same composition, is readily 
soluble even in dilute SOgHog, or HCL The precipitated meta-titanic acid is 
usually tinged yellow, owing to some ferric oxide which is carried down with it. 
It is best, therefore, to filter off, to wash with a solution of AmCl, and redissolve 
the precipitate in strong SOgHog. After dilution with water, it is reprecipi- 
tated once more by long-contin/ued boiling, and is then all but free from iron. 
(Method of separation from A1, 0-1, Y, and Th.) A more expeditious method 
for separating the iron oxide consists in precipitating the two metals from the 
dilute acid solution by means of ammonic ^sulphide, as FeS and TiOHog, and to 
treat the precipitate with aqueous sulphurous acid, wliich dissolves the FeS, and 
leaves pure ortho-titanic acid. 

Another method consists in fusing the titanium compound with 6 times its 
weight of SOgHoKo, till it yields a clear mass, soluble in a large quantity of 
cold water, acidulated with dilute SOgHog, from which meta-titanic acid is pre- 
cipitated as above, SiOg, if present, is not attacked by SOgHoKo, and remains 
in the insoluble residue. 

Pure TiOg may also be obtained by fusion with acid potassic fluoride, and 
dissolving the fused mass in dilute HCl. Potassic titanic fluoride, 2KF,T1P4, 
which is difficultly soluble in water (1 parf requires 96 parts at 14° C.) , is col- 
lected on a filter and washed with cold water, and purified by recrystallisation 
from boiling water. Its aqueous solution, when precipitated with AmHo, yields 
titanic hydrate, which on ignition is converted with incandescence into pure 
titanic anhydride when only feebly ignited, yellowish or brownish, 
when intensely ignited. 

SiOg, or silicates, containing traces of TlOg, may be decomposed with HP. 
SOgHog must likewise be added in order to prevent a portion of the 
titanium from being volatilized with the SiF 4 . 

REACTIONS IN THE DRY WAY. 

Titanium compounds, when heated on charcoal, before the blowpipe, are not 
reduced to the metallic state (distinction from In). Heated in a borax bead* 
(on charcoal), or better still, in a bead of microcosmic*salt, pure TiOg, or a 
titanate, containing bases which do not themselves colour the borax 4jead, yields 
in the outer flame, a colourless glass, but in the inner flame, a glass which is 
yellow while hot, but assumes a Tlolet colour on cooling. The reduction is 
promoted by the addition of a little zinc or tin. If some SOgFeo'' be added, 
the bead obtained in the inner flame becomes blood-red. 



222 


APPENDIX I. 


EEACTIONS nr THE WET WAT. 

Use A 80LUTI0E OF Titanic acid, in HCl. 

SAnia, AmHo, EHo, or NaHo, alkaline carbonates, as well as OOBao'', pro- 
duce a hulicy white precipitate of (ortho-) titanic hydrate, Ti*^OHoj, 
whicb is insoluble in an excess of the precipitants. When thrown down 
in the cold, and washed with cold water, it is readily soluble in dilute 
HCl, or in dilute SO2H02. Washing with hot wator_ converts it into 
insoluble meta-tltanic hydrate. The presence of THo^ prevents the 
precipitation. (Iron, as well as Ni, Co, Zn, and U, which are precipi- 
tated by SAin2 in the presence of TH02 and AniHo (the metal Mn is not)* 
may thus be separated from Ti02.) 

K4FeOy6 produces a dark-brown precipitate. 

Infusion of sails, brownish precipitate, which speedily turns orange- 
red, 

POHoNaog throws down the titanic acid almost completely from an acid 
solution as a white gelatinous phosphatSy which when washed and dried 
leaves a hasic salt, 2Ti02,P205, or P20(Ti04)*^Tio*^. 

Metallic tin, or zinc, immersed in a HCl solution of Ti02, evolves hydrogen 
and reduces the Ti*^02 to 'Ti"'2^3, which gives rise to a pale violet or blue 
coloration and finally throws down a dark violet precipitate, wliich is rapidly 
reoxidised to white Ti02, with decomposition of the water, or when exposed to 
the air. This reaction frequently reveals the presence of Ti02, analysis 

of iron ores, during the process of reduction with zinc, previous to the estimation 
of iron by potassic permanganate. * 


10. TANTALUM, Ta^ Atomic weight, 182. 11. NIOBIUM, Nb^. Atomic 
weight, 94. — This group of metals occurs only in a few minerals, found, as yet, in 
a few localities, and, then only, in smiill quantities. The difficulty of detecting 
mere traces of them may account for their having been overlooked in others in 
which they have since been found, viz., in tinstone and wolfram. 

In some of the minerals, either tantalum or niobium prevails, such as in 
tantalite and in niohite {columbite). They are meta- compounds and may 
be expressed by the general formula; — m(Ta02)2Feo" *+- n(Nb02)2Feo". In 
yttrotantalite—^the OETHO-compound — of the formula: — Ta202(Nb202)Ro"3, B" 
stands for Y"[Er ", Ce", U", Fe", Ca"] and in euxonitey woehlerite, and pyro- 
chlovy the met^ niobium occurs as a FYBO-niobate, combined with fiuorides, viz., 

(3Nb203Ro"2), 5(NaK)F. 

Tantalum and niobium exist chiefly in the pentad condition, as is evidenced 
by the composition of their oxides (anhydrides), chlorides, fluorides, etc., etc., 
viz. ^ 


Tantalic anhydride, Ta'^206. Chloride, Ta^Cls. Fluoride, Ta^Fs. 

Niobic „ Nb^Ofi. „ Nb^Cl^. „ Nb^Fg. 

A lower oxide, 'Ta*^204, and sulphide, 'Ta*'^2S4, are said to exist. In tantalates, 
and niobates, the acids closely resemble arsenic, or phosphoric acid ; they can 
exist as meta-Ta^(Nb^)02Ho, pyro-Ta^2(Nb^2)08lIo4, or ortho- Ta^(Nb^)OHo3 
tantalic (niobic) acid. 


TANTALIC and ViOBIC ANHYDRIDES are prepared from tanta- 
lites, or niobites, by fusing the finely powdered mineral with 3 parts of SO2H0K0. 
The fused mass is extracted with water, whereby the bases are principally 
removed as sidphates. The residuary Ta205, and NbgOg, are washed and ^ed 
once more with hydrio potassic sulphate, etc. The residue after having been 
well washed is dissolved in HP, and a boiling solution of HF,KF gradually 
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added to it. The Uquid, on cooling, or on concentration, yields difi&oultly soluble 
potassle flvovtunlAlatey 2KF,TaF5 (soluble in about 150*^200 parts of water 
only), whilst the mother-liquors contain potassic fluo-oxyniobate, 2 KF, 
NbOPs, OH2 which is soluble in 12*4 to 13 parts of water {Distinction also from 
titanium^ which forms KF, TiF4, soluble in 9 Q parts of water). These two salts 
may be purified by recrystallisation ; and on decomposing them, by heating with 
S02Hoi, tantalic and niobic sulphates, and potassic sulphate, are left ; this latter 
can be boiled out with water. When S 02 Ho 2 is expelled from the insoluble 
tantalic, or niobic sulphate, by strong ignition, or by heating in an atmosphere of 
ammonic carbonate, Ta206^ or Nb205, is left. 


TANTALUM. — The anhydride is a white powder. When strongly ignited 
it turns a pale yellow, without emitting any light, and becomes insoluble in HCl, 
or strong SO2H02. (Distinction from Ti 02 .) 

Fused with Kilo, it is rendered soluble in water ; fused with Nallo, it 
forms chiefiy sodic meta-tantalate, Ta02Nao, insoluble in excess of Nallo, 
but soluble in water. When a solution of soda is added to this solution, sodic 
tantalate is precipitated. Hydrated tantalic acid dissolves in HF, from a con- 
centrated solution of whi(di KF precipitates the fine, needle shaped^ potassic 
fluo-tanfalate. By prolonged boiling with water, this soluble salt changes to 
an insoluble compound, Ta205,2KF,TaPg, the formation of which affords the 
means of detecting the smallest quantity of fluo- tantalate in mother-liquors, con- 
taining potassic fluo-oxyniobate. 

REACTIONS IN DRY WAY. 

Microcosmic salt dissolves TagOs to a colourless bead in both fiames, and 
does not acquire a blood-red tint by the addition of ferrous sulphate 
TION FROM TiOa). 


REACTIONS IN THft WET WAY. 

Use a SOLUTION of Ta02Ko in water. 

The tantalates of the alkali metals are soluble in water, all others (formed by 
double decomposition) are insoluble in water and decomposed by acids. 

HCl precipitates Ta 20 g, at first, then redissolves it in excess. 

OO2 passed through a solution of an alkaline tantalate, precipitates acid, or 

anhydro-tantalate. 

AmHo, or S Am2, precipitates from a HCl solution tantalic bydratCt or an 
acid ammonic tantalate ; TH02 prevAits the precipitation. 

AmCl, or S 02 Amo 2 , precipitates tantalic hydrate, Ta 02 Ho. 

K4FeCy6 gives from acidified solutions, a yellowish-white precipitate which 
turns brown by the addition of a few drops of AmHo, and is soluble in 
larger quantities 
K6Fe2Cyi2, a yellow precipitate. 

Infusion of sails, added to an acidified (SO2H02 or HCl) solution of an 
alkaline tantalate, forms a light-yellow precipitate, soluble in alkalies. 

Metallic zinc and HCl do not reduce Ta 206 , and no blue coloration (or 
only a very faint one) is observed (distinction from Nb205). 


NIOBIUM. — Niobic anhydride, Nb 206 , is white, but turns transiently 
yellow when ignited. By strong ignition in hydrogen, it is converted into 
^Nb*^2^4. Like tantalic anhydride, it combines both with nases and acids. Con- 
centrated .sulphuric acid dissolves niobic anhydride, unless it has been too 
strongly ignited, and the solution remains clear, on the addition of much water 
(distinction from Ta206). 

On fusing with caustic potash, a clear mass consisting ehiefly of potassic 
metaniobaite, KbO^Ko, is obtained, which is readily soluble in water, but is pro- 
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cipitatod as sodic salt, on the addition of NaHo. Sodio meta-niobate, obtained 
by fusion with caustic soda, braves like the corresponding meta-tantalate. 

BBACTIONS IN THE DRY WAT. 

Microcosmic salt dissolves Kb205 readily ; in the outer flame, a bead, colour- 
less whilst hot, is obtained; in the inner flame the bead acquires a violet, 
blue, or brown colour, according to the quantity of the acid preset, and a reil 
colour, when a little ferrous sulphate is dissolved in it. 

REACTIONS IN THE WET WAT. • 

Use an aquboits solution or Potassio Niobatb. 

The niobates of the alkalies are soluble in water, all others are insoluble, and 
are decomposed by acids. 

Mineral acids, especially sulphuric acid, even at the ordinary tempera- 
ture, precipitate nloblc hydrate, nearly insoluble in the acid. (TAe 
precipitation of tantalic hydrate requires the aid of heat.) 

Oxalic acid does not aflect alkaline niobates. 

SAm2, or AmHo, precipitates from acidified solutions of Kb205 the hydrate, 
containing ammonia, soluble in hydrofluoric acid. 

AmCl precipitates the acid, but only slowly and incompletely, more especially 
if in the presence of alkaline carbonates. 

£4FeCy6 gives, with a solution of an alkaline niobate which has been acidu- 
lated with sulphuric or hydrochloric acid, a red precipitate. 

K6Fe2Cyi2, a bright yellow precipitate. 

Infhslon of Galls, an orange-red precipitate. 

A piece of zinc immersed in an acidulated solution, forms a beautiful blue 
precipitate, which after a time changes to brown. (Tantalates yield none or only 
0, faint blue colour). 


(B.) Bare Metals^ precipitated hy the Oroup-reayents, AmGly AmHo 
and S^m.2, in the form of Sulphides. 

1 . URABilUM, U" and pseudo-triad. Atomic weight, 120 [240 (?)]. — 
Uranium is not a very abundant metal ; it is found principally in pitch-blende, 
which contains from 40 to 90 per cent, of uranoso-uranic oxide, U3O4 ; in 
uranUim-ochre, or sulphate ; and in uranite or uranium mica^ which is a calcic 
(cupric) uranic phosphate. In small quantities it exists in several rare minerals, 
such as euxenite, yttrotantalite, &c. 

Uranium salts are almost always obtained from pitch-blende. The U3O4 
therein, is associated with sulphur, arsenic, lead, iron, and several other metals. 
The mineral is finely powdered, freed by elutriation from the lighter earthy im- 
purities, roasted for a short time to remove part of the sulphur and arsenic,’ then 
dissolved in nitric acid, and the solution evaporated to dryness. The residue is 
exhausted with water, and the solution filtered from a brick-rod residue of ferric 
oxide, ferric arsenate and plumbic sulphate. On evaporation, the aqueous solu- 
tion yields crystals of the nitrate, which by dissolving in ether and setting aside for 
spontaneous evaporation, are obtained pure. When recrystallised once more from 
boiling water, they consist of pure aranylic nitrate, 1^204 (U2O2) o",60H2 ; 
in which ('U "3O2)" or uranyl acts as a compound dyad radical, analogous to the 
monad compound radicals antimony 1 , (SV" 0 )', bismuthyl &c. 

Uranium exists as a dvad and pseudo-triad metal. It forms wjth oxygen 
two salifiable oxides, t<Lgether with two intermediate oxides, thus — 

Uranous "^Uranic oxide or 

oxide. uranylic oxide. Intermediate oxides 

TX"0 ' 'TX"',0„or ■ ' 1 X 304 , or tX.Oj, or '' 

(TT, 03)"0 'U'",0g,tr"0 (dark green.) 'Xr"',0„21T"O (black.) 
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Uranous chloride. Uranylic chloride. Pentacliloride. 

UCI2 (U202)"Cl2 ^2^16 

Uranous sulphate. Uranylic sulphate". 

SO2O2U, or SO2U0" SO2O2CU2O2) ", or S02(U202)o" 

Uranic oxide and its hydrate combine both with acids to form uranylic salts, 
and with the oxides of the more electro-positive metals to form acid uranates, of 
r (U202 )"Ro 

the general formula,*^ O + XOH2, analogous to dichromates, disulphates, 

L(U202)"Ro 

etc. These are yellow, insoluble in water, but are decomposed by acids. Disodic 
diuranate {uranium yellow) is much used as a pigment in glass and porcelain 
manufactures. 

EEACTIONS IN THE DEY WAT. 

Borax and microcosmic salt give with uranium compounds, in the inner 
flame of the blowpipe grreen beads, in the outer flame yellow beads, which 
acquire a yellowlsh-irreen tint on cooling. The oxides of uranium are not 
reduced by fusion with CONao2 on charcoal. 

EBACTIONS IN THE WET WAT. 

A. URANOUS COMPOUNDS. — Use a Solution ob Ueanous Sul- 
phate, SO2U0". (Prepared by dissolving uranoso -uranic oxide in hot oil of 
vitriol, diluting with water and evaporating in vacuo.) 

Uranous salts constitute powerful reducing agents. They are green, or 
greenish-white, and yield green aqueou# solutions. 

SAm2 forms a hlacic precipitate of uranous siilphlile, U"S. 

AmHo, EHo, or NaHo, throws down red~hrown gelatinous uranous hydrate, 
U"Ho2. 

COK02, CONao2, or OOAmOi, precipitates green uranous hydrate, soluble 
in excess, especially in excess of OOAmo2. 

Uranous salts become oxidized to uranic salts by exposure to air, or by treat- 
ment with nitric acid, etc. Uold and silver salts are speedily reduced by them, 
and ferric salts are reduced to ferrous salts. 

B. URANIC COMPOUNDS. — Use a solution of Ueanic Nitrate, 

N204(U202)o". 

Uranic salts are yellow, they are mostljfc soluble in water, and are reduced to 
uranous salts by SH2 hy alcohol, or ether, in sunlight. 

SAm2 produces in the cold a chocolate-hrown precipitate of uranylic sul- 
phide, containing also ammonic sulphide and water. It is insoluble in 
yellow ammonis sulphide. On warming or boiling the liquid which con- 
tains the uranylic sulphide, (U202)S, suspended in it, the precipitate 
splits up into sulphur and black uranous oxide, U"0, which is insoluble 
in excess of SAm2. Uranylic sulphide dissolves readily in neutral ammo- 
nic carbonate. [Method of separation of U from Zn, Mn, and Fe.] 

AmHo, KHo, or NaHo, produces a yellow precipitate, consisting of acid 
uranate of the alkali metal ; insoluble hi excess of the precipitant ; not 
precipitated in the presence of tartaric acid. 

The ammonia precipitate is soluble in a solution of ammonic carbonate, and 
SAm2 does not precipitate the uranium from this solution. 

COK02, CONao2, or OOAmo2, gives a light yellow precipitate, consisting (in 
the case of potassic carbonate) , of potasislo-uranlc carbonate ; readily 
soluble in an excess of the precipitant. By treating the liquid with 
dilute sulphuric acid, as long as eflervescence takes place, an acid uranate 
is precipitated. [Method of separation of U from A1 and Fe*^.] 

OOBao" completely precipitates a solution of a uranic salt, even in the cold. 
\^ 8 eparation of *U'**from Ni'\ Co", Mn", Fe", and Zn.‘] 


Q 
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K4FeCjrg produces a reddish-brown precipitate. {Most delicate special 
reaction.) 

K6re2Cyi2 produces no change. 

Metallic zinc does not precipitate metallic uranium from its solutions. 

2. THALliluni, Tl' and Atomic weight, 204. — This metal was dis- 
coTered by Crookes in 1861. It occurs in many kinds of copper and iron 
pyrites, but invariably in very minute quantities ; also in many kinds of crude 
sulphur, in some of the deposits from the flues leading from the pyrites furnaces 
to the lead chambers of sulphuric acid works, and in the deposits in the 
chambers themselves. It has, moreover, been found in lepidolite, in prepara- 
tions of cadmium and bismuth, in ores of zinc, mercury, and antimony, in the 
ashes of some plants, and in some saline waters. 

The metal is most economically extracted from thalliferous flue-dust. The 
dust is stirred up with boiling water, the insoluble portion allowed to settle, and 
the clear supernatant liquid syphoned off. On the addition of concentrated 
hydrochloric acid, impure thallious chloride, TlCl, is precipitated. This impure 
chloride is dissolved in concentrated sulphuric acid, evaporated till the hydro- 
chloric acid, as well as the greater portion of the sulphuric acid, has been driven 
ofl*, then dissolved in boiling water, and a rapid current of sulphuretted hydrogen 
passed through the solution, whereby all the metals of the Stl2 group are pre- 
cipitated. On now introducing plates of zinc into the dilute acid filtrate, 
spongy metallic thallium is precipitated, which can be readily removed from the 
zinc, and obtained in lumps or bars by pressure. It must be preserved under 
water. 

The salt s may be prepared by dissolving the metal in the respective acids, or 
by the double decomposition of soluble thallium salts. 

Thallium forms two series of compounds : — thallious and thallic. In the 
thallious the metal exists as a monad, and in the thallic as a triad. Thus we 
have : — 

Thallious oxide .... OTh Thallic oxide .... 

Thallious chloride . . TlCl Thallic chloride . . Tl^'Clj, etc., 

together with several intermediate compounds. 

In some of its chemical relations thallium differs from all other metals. In 
many respects it resembles the alkali metals, as, for instance, in forming the 
readily soluble and highly alkaline thallious oxide and carbonate, an insoluble 
double platinum salt, an alum, analogous to ordinary potash alum, and a 
series of thallious phosphates, analogous to the alkaline phosphates. In most 
other respects, however, it is more nearly allied to the heavy metals, especially 
to lead, which it resembles closely in appearance, density, melting-point, specific 
heat, and electric conductivity. 

EEACTIONS IN THE DEY WAY. ^ 

Tliallium compounds impart an intense g^eeii colour to the blowpipe flame. 
The spectrum of thallium shows only one emerald-sreen line, Tla, and hence 
its name from OaWoQy green. 

EE ACTIONS IN THE WET WAY. 

A. THALLIOUS COMPOUNDS. — We employ A SOLUTION OF TH ALL! OTIB 
SULPHATE, SO2TI02. 

Thallious salts are for the most part colourless and soluble in water, such as 
the nitrate, Bulphate,tphosphate, tartrate, and acetate. Some are diflloultly solu- 
ble, e.g.i tlje carbonate and chloride, and a few are almost insoluble, e.g., the 
iodide. They react neutral to test-paper, and possess a slight metallic taste. 
Thallious oxide, OTI2, is colourless and fusible ; it dissolves in water, the solution 
is colourless, alkaline, caustic, and absorbs carbonic anhydride from the air. It 
also dissolves in alcohol. 

Thallious salts are difficultly converted into thallic salts ; pow’erful oxidising 



REACTIONS OF THE RARE METALS. 227 

agents, sucli as nitric acid, are without effect on them. They require boiling and 
evaporating wdth aqua regia to convert them into the higher salts. 

SHs does not precipitate strongly acidified thallious solutions unless AS2O3 be 
present, when a part of the thallium is carried down with the arsenious 
sulphide, as a brownish-red precipitate. Neutral or very slightly acidified 
solutions are incompletely precipitated by SH2- From acetic acid solu- 
tions the whole of the thallium is thrown down as Hack thallious sul- 
phide, STI2. 

SAm2 (sroup-reagrent) precipitates the whole of the thallium as thallious 
sulphide, insoluble in ammonia, alkaline sulphides, or potassic cyanide. 
Readily soluble in dilute hydrochloric, sulphuric, or nitric acids, but diffi- 
cultly soluble in acetic acid. When exposed to air, thallious sulpliide is 
rapidly converted into thallious sulphate. On heating it fuses and volati- 
lises. 

KHo, NaHo, or AmHo, docs not precipitate aqueous solutions of thallious 
salts. 

Carbonated alkalies produce a precipitate only from concentrated solutions, 
COTI02 being soluble in 20 parts of water. 

HCljOr a soluble chloride (bromide), throws down white thallious chloride, 
TlCl ; the precipitate subsides readily, and is unalterable in the air. 
It is very slightly soluble in boiling water, and still less so in hydrochloric 
acid. 

KI precipitates, even from the most dilute thallious solutions, light yellow 
thallious Iodide, Til, which is almost entirely insoluble in water, but 
somewhat more soluble in a solution of potassic iodide. This constitutes 
the most delicate reaction for thaUious salts. 

Cr02Ko2 precipitates yellow thallious chromate, Cr02Tlo2» insoluble in 
cold nitric or sulphuric acid. 

PtCl4 precipitates difficultly soluble . orange coloured thallious platlnlc 
chloride, 2TlCl,PtCl4. ^ 

Zinc precipitates metallic thallium. 

B. THAL.LIC COmPOUNDS. — Wo employ A BOLUTION OF THALLIO 
CnnoEiDE, Tl'^Cla. 

Thallic salts are easily distinguished from thallious salts by their behaviour 
wdth caustic and carbonated alkalies, which precipitate brown gelatinous thallic 
hydrate, Tl'"OHo, insoluble in excess. 

ThaUic oxide is scarcely acted on by concentrated sulphuric acid in the cold ; 
on heating, thallic sulphate, (S 02 ) 3 Tlo"' 2 » 70 Jl 2 is obtained. When a solution of 
thallic sulphate is boiled, oxygen is given off and a thallious aalt left. When 
treated with HCl, thallic oxide yields the chloride Tl'"Cl3, as a wliite crystalline 
mass, which on heating splits up into TlCl and CLi. 

HCl, or a soluble i^lorldc (bromide), produces no precipitate. 

SH2 reduces thallic to thallious salts, with precipitation of sulphur. 

produces a white pulverulent precipitate. 

POHoNao2 gives a white gelatinous precipitate. 

A8OH03, or a soluble arsenate, gives a yellow gelatinous precipitate. 

0x02^02 does not precipitate thaUic salts. 

KI gives a precipitate of Til and I2. 

3 . INDlUilfy In*^, and pseudo-triad. Atomic weight, 113 ‘ 4 }. — Has hitherto 
only been found as a rare and insignificant constituent oftsome zinc ores {zinc~ 
blende from Freiberg), in the metallic zinc prepared from these ores, and in tung- 
sten. 

Indium is a white, highly lustrous metal, resembling platinum, soft and 
ductile, of specific gravity 7 * 42 . It fuses easily at 176 ° C. It is not oxidized in 
the air or in water. Dilute HCl or SO.2H02 dissolve it readily, hydrogen being 
given off. Concentrated sulphuric acid dissolves it with evolution of SO2. This 

Q 2 
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is readily soluble also in cold dilute nitric acid. The oxide, 'In"'203, is brown 
when hot, straw-coloured when cold, and is readily reduced when heated on 
cliarcoal, or in a current of hydrogen gas. A black dioxide, Iii*'02, exists like- 
wise. 

The principal salts of indium, riz., the sulphate, (802)3 lujjO^^, 9OH2. the 
nitrate, NaOeIno''', and the chloride, Iii'"Cl3, are freely soluble in water. The 
cliloride is volatile and hygroscopic. 

EEACTIONS IN THE DET WAY. 

Indium and its compounds impart to the flame a peculiar hluish tinge. When 
examined with the aid of a spectroscope two characteristic blue lines can be 
seen, a bright one in the blue, and a feebler one in the i^iolet. They are how- 
ever very transient. The sulphide gives more persistent lines than the chloride. 

EE ACTIONS IN THE WET WAY. 

We may employ A solution of any of the above salts. 

SH2 produces no precipitate in the presence of a strong acid. Indium is, 
however, precipitated like the metal zinc, from slightly acid solutions, or 
in the presence of acetic acid. The slimy precipitate of Indie sulphide, 
'I]i2'"S3, is of a fine yellow colour. 

SAm2 produces at first precipitate from a solution, containing ammonic 

tartrate, said to consist of 'In'"2S3 and hydrogen. It turns yellow on the 
addition of acetic acid. The sulphide is insoluble in cold, but soluble in 
hot SAnigj cooling it separates again of a white colour. 

XHo, NaHo, or AmHo, produces a white bulky precipitate of indie hydrate, 
In^'Hoa, resembling aluminic hYheate, quite insoluble in KHo or AmHo. 
The presence of TH02 prevents the precipitation. 

Alkaline earbonates precipitate white gelatinous earbonate* When 
recently precipitated it is soluble in ammonic carbonate, but not in the 
fixed alkaline carbonates. Ov boiling, indie carbonate separates again. 

COBao" precipitates indie salts in the cold, as basic salts. (DISTINCTION 
FROM Zn, Mn, Co, Ni, and Fe.) 

POHoNao2 throw's down a bulky white precipitate. 

Alkaline oxalates produce a crystalline precipitate. 

Zinc precipitates the metal in the form of wliite shining laminee. 


4. TAKADlUm, V'" and Atomic weight, 51*3. — Occurs only in a few 
very rare minerals, principally in vanadite, or 'plumbic vanadate and oxychloride^ 

V303Pbo"4 ( )> analogous in composition to pyromorphiie (comp. p. 102) ; 

also to a very small extent in many iron ores (clay and pea iron ores), and, as 
Eoscoe recently discovered, in the copper-bearing beds at Alderley Edge, and 
Mottram St. Andrews, in Cheshire. t 

Vanadite may be made the starting point for preparing the several vanadium 
compounds. The mineral is dissolved in nitric acid, and the lead and arsenic 
precipitated by SH2, which at the same time reduces the vanadic pentoxide, 
to tetroxide, The blue filtered solution is then evaporated to 

dryness and the residue digested in ammonia, when the vanadic tetroxide 
becomes reoxidised into pentoxide. The ammonic vanadate can be precipitated 
as a white powder from this solution by introducing a lump of sal-ammoniac, 
being scarcely soluble in a saturated solution of AmCl. By exposure to a tem- 
perature below redness, in an open crucible, ammonia is expelled and 
left. • 

Vanadjum forms several oxides, oxychlorides, chlorides, sulphides, which 
show that the metal is closely allied to the phosphorus and arsenic group. Thus 
we have : — 
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Oxides. 

Oxychlorides. 

Ohlorides. 

Sulphides. 


r ^ 

' VCI3 ' 


V'",©, (black) 

— 

VCI3 

— 

'V‘^204 (blue) 

— 

VCI4 

'Viv 2 S 4 


V^OCla 

— 

V-2S6 


The most important of these compounds is the pentoxide, or vanadic anhydride, 
identical in composition with phosphoric, arsenic, antimonic, tantalic and niobic 
anhydrides. It combines in different proportions with bases, forming like the 
other anhydrides referred to, three series of salts, viz., ortho-y pyro-y and meta- 
vanadates. Fused with CONao2, it yields sodic ortho-vanadate, VONaos ; but 
when boiled with a solution of an alkali, it forms tlie meta-vanadate, the latter 
class of vanadates being more stable than the ortho-salts. Alkaline vanadates are 
soluble in water, inversely to the quantity of free alkali, or alkaline salt present. 
Hence they are precipitated from their solutions by excess of alkali, or by salts 
(Am Cl) . (Most characteristic reaction.) 

Vanadic anhydride has a reddish-yellow colour, and is difficultly soluble in 
water (1,000 parts) , forming a light yellow solution, which reddens litmus paper. 
It dissolves also in the stronger acids to red or yellow solutions, which become 
frequently decolorized by mere boiling. It unites, however, with bases more 
readily than with acids. 

A sulphuric acid solution of the acid when considerably diluted with water, 
and treated with zinc or sodium amalgam and warmed gently, turns first blue, 
then green, and finally from lavender to violet. The V2O5 becomes reduced to 
’ V"202 ; on the addition of AmHo, a brown precipitate of the hydrate of the 
dioxide (bypovanadious acid) forms, w%ich absorbs oxygen more rapidly than 
any other known reducing agenty and bleaches organic colouring matter (indigo 
solution, etc.) as quickly as chlorine. 

Many organic substances, such as oxalic or tartaric acid, sugar, alcohol, 
reduce vanadic acid, especially in the preqpnce of strong mineral acids, to the 
blue '‘V’^^2^4. The same takes place when SO2, or SH2, are added to its solutions 
in acid. 

EEACTIONS IK THE DEY WAY. 

Borax dissolves V2O6 to a clear bead, colourless y or, with large quantities of 
the anhydride, yellow, in the outer flame, beautiful green in the inner flame. 
With larger quantities of vanadic acid it looks brownish wliilst hot, and only 
turns green on cooling. 


EEACTIONS IN THE WET WAY. 

Use a solution of Sodic Metatanadate, VOgNao. 

Orthovanadates are generally yellow or reddish-yellow, both in the liquid and 
solid state. By boiling in water, the orthovanadates of the alkalies are converted 
into colourless metavafladates. On the addition of an acid to a solution of a 
neutral or orthovanadate, the solution becomes yellowish-red, owing to the forma- 
tion of anhydro-salts. 

Ammonic, baric, and plumbic metavanadates are but sparingly soluble in 
water. The alkaline vanadates are more soluble in pure water, than in water 
containing free alkali, or a salt : hence they are precipitated in the presence of 
the latter. All are soluble in nitric acid, but insoluble in alcohol. 

SAm2 (fproup-reaffcnt) produces a brown coloration in the liquid, and on 
acidulating with HCl, or better with SO2H02, the soluble ammonic sulpho- 
vanadate is decomposed, and brown pentasulphUle, V2S5, mixed with 
sulphur, is precipitated ; the liquid at the same time generally acquires a 
blue colour. It dissolves with red-brown colour in aqueous solutions of 
alkaline carbonates, hydrates, and sxdphhydrates. 

If an acidified solution of an alkaline vanadate be shaken up with ether con- 
taining peroxide of hydrogen, the aqueous fluid acquires a rc<l«1irowii colour, 
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like that of ferric acetate, whilst the ether remains colourless. This reaction is 
extremely delicate^ 

Vanadic and chromic acids are the only acids whose salts give rise to red- 
colonred solutions. They are, however, differently affected by reducing agents. 


BEACTIONS OF THE RARE METALS OF GROUP II. 

Group II comprises the Hare Metals, precipitated as Sulphides by 
SH2, from a Hydrochloric Acid Solution, viz : — 

(A.) As Sulphides, insoluble in yellow Ammonic Sulphide : — Pal- 
ladium, Rhodium, Osmium, Ruthenium. 

1 . PALLADIUIM[» Pd'' and Atomic weight, 106 5 . - Occurs native in 
platinum ores, principally, however, alloyed with gold and silver, in a gold ore 
found in Brazil. The gold dust is fused together with silver, and the granular 
alloy heated with nitric acid, in which silver and palladium only dissolve. On 
the addition of sodic chloride, silver is removed as cliloride, and the palladium 
may then be precipitated as palladious cyanide, by means of mercuric cyanide, 
and decomposed by ignition. 

The metal greatly resembles platinum, but is somewhat darker in colour. 
Its specific gravity is 11 ' 8 . Of afl. the so-called platinum metals it fuses most 
readdy, difficultly in an ordinary fire, but easily in the oxy-hydrogen flame. 
Palladium is sparingly soluble in pure nitric acid, but dissolves more readily in 
the red acid. It dissolves slightly in bdiling concentrated sulphuric acid, but is 
readily attacked by fusing with hydric potassic sulphate. The true solvent for 
it, as for most other platinum metals, is aqua regia. Palladium forms several 
oxides and chlorides, in which the metal exists either as a dyad or tetrad, 
thus : — 

« 

Palladious oxide Pd "0 Chloride Pd"Cl2 

Palladic „ Pd^’Oi „ Pd^^CIj. 

The lower oxide is obtained on gently igniting palladious nitrate. It is black, 
and its hydrate dark brown. Both part with their oxygon upon intense ignition, 
leaving spongy palladium. The nitrate may be prepared from tlie metal by dis- 
solving in nitric acid and concentration over a water- bath. It forms then a 
brownish-red non-ciystaUisable mass. 

Palladious salts are mostly soluble in water j they are brown or reddish-brown ; 
their dilute solutions are yellow. 

BBACTIONS IN THE WET WAY. 

We employ A solution of Palladious Niteatb, N204Pdo". 

OH2 precipitates a brown basic salt, from solutions containing slight excess 
of acid only. 

SH2, or SAm2, throws down from acid or neutral solutions hlcu:k palladious 
sulphide, PdS, insoluble in SAm2, but soluble in boiling hydrochloric 
acid, and readily soluble in aqua regia. 

£Ho, or NaHo, precipitates a yellowish-brown basic salt, soluble in excess. 

OOK02, or OONaog, precipitates brown palladious hydrate, PdHo2, soluble 
in excess, reprecipitated on boiling. 

AmHo, or COAmo2, produces no precipitate from the nitrate, but decolorises 
the dark brovm solution. 

HI, or* soluble iodides give, even in very dilute solutions, a black precipi- 
tate of palladious iodide, Pdl2, somewhat soluble in excess of XI. 
(Most characteristic reaction for Pd. It serves for the detection of 
iodine in the presence of chlorine and bromine.) 

HarOy2 gives a yellowish-white gelatinous precipitatbof PdCyj, readily soluble 
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in KOy, and in AmHo. SligMlj soluble in HCL It leaves on ignition 
spongy metallio palladium. 

CyAms gives no precipitate, even after the addition of 80 j. (Distinction 
FBOM Cu.) 

SnCl2 produces a hrownish-hlack precipitate, soluble in HOI, to an intense 
green solution. 

Palladious salts are reduced to the metallic state by phosphorus, SOH02, 
NOKo, luetallic zinc or iron, alcohol, etc. 

Palladious chloride, obtained by dissolving PdS in boiling HCl, is precipi- 
tated by ammonia as flesh-coloured ammonlo - palladious chloride, 
N2H6Pd^''Cl2, soluble in AmKo to a colourless fluid, from which HCl reprecipi- 
tates it as a yellow crystalline clxloride, identical in composition. 

AmCl does not precipitate palladium salts. 

KOI precipitates a hrownish-red octahedral double chloride, 2KC1, PdCl-j, 
insoluble in absolute alcohol ; soluble in water to a dark -red fluid. 

All palladium salts are decomposed by ignition, leaving metallic palladium. 


2. RHODIUM, Rh'', and also a pseudo-triad. Atomic weight, 104‘4. 
— Found in small quantity in platinum ores, and frequently to a considerable 
extent in platinum residues. 

It is a wliitish-grey metal, less ductile than platinum, and scarcely softened, 
C5ven in the flame of the oxy-hydrogen blowpipe. The specific gravity of un- 
fused rhodium is 10 64, that of the pure metal, after fusion, 12* 1. Rhodium is 
unalterable in the air at ordinary temperatures, but oxidises at a red heat. It 
also combines with chlorine at a red heat. When pure it resists the action of 
the strongest acids^ even of aqua regia; but when alloyed with other metals, as 
with Pb, Bi, Cu, and Pt, it is soluble in aqua regia ; wlien, however, alloyed with 
Au, or Ag, it does not dissolve. It is oxidized by fusion with solid caustic 
4;)otash and nitre. Fusion with hydric pfitassio sulphate converts it into soluble 
potasalc rhodic sulphate, S305(Rh^^'X305)^b Mixed with sodic chloride, 
and ignited in a current of chlorine, a double chloride of sodium and 
rhodium, 3NaCl,Rli'^'Cl3,120H2, is formed, which is likewise easily soluble in 
water. 

Rhodium forms several oxides, chlorides, sulphides, etc., in which the metal 
exists as a dyad, tetrad (pseudo-triad), or hexad element, thus : — 

Oxides. 


• r~ ^ 

Rhodious oxide Rh O. 

Rhodic 'R1 i'"203. 

„ dioxide Rli’'^02. 

Rhodic trioxide (anhydride, acting as a weak acid) Rh^^03. 

Chlorides. Sulphides. 


( ^ { 

Rhodious chloride. Rh"Cl2. Rhodious sulphide. . . . Rh"S. 

Rhodic chloride Rh'^Clj. Rhodic „ .... 'RV^Ss. 

or 'Rli'"2Cl6. 


The most important compounds are the Rh2Cl6 and R]i203. Rliodium salts 
are obtained with difficulty, owing to the insolubility of the metal and its oxide 
in acids. Their solutions are generally rose-coloured. 

EBACTIONS IN THE WET WAY. * 

We may employ A soltttion of Potassio- Rhodic Sulphate, or of the 
DOUBLE Chloride of Sodium and Rhodium. 

SH2, or SAm2, precipitates from a hot solution, brown rbodic sulphide, 
Rh3S3, insoluble in SAm2, but soluble in boiling nitric acid. 
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KHO) or NaHo, giTes with the chloride a yellowish^hrown precipitate of 
rhodic hydrate, Bh2Ho6, soluble in excess ; in other rhodic salts this 
precipitate appears only on boiling. 

- From a solution of rhodic chloride, KHo, producing at first no precipitate, 
gives, on the addition of alcohol, a brown precipitate of rhodic hydrate, 

AmHo gives also a yellow precipitate, only formed, however, after some time, 
soluble in HCL 

KI produces a slight yellow precipitate. 

Metallic zinc precipitates black metallic rhodium. 

NOKo (potassic nitrite) gives with the chloride an orange-yellow precipi- 
tate, which is slightly soluble in water, but readily soluble in HCL 

Rhodium is distinguished from the other platinum metals by its insol ubiliiy 
in aqua regia, its solubility in fusing SO2H0K0, and the behaviour of its chloride 
with potash and alcohol. 


3 . OSMIUjU, Os", and also a pseudo-triad. Atomic weight, 199 * 2 . 
— Found chiefly as a natural alloy of osmium iridium in platinum ores, which 
remains behind undissolved, when the ores are treated with aqua regia, in the 
form of white, metallic-looking, hard grains. This alloy is attijked by mixing 
it with common salt, or potassic chloride, and exposing it in a glass or porcelain 
tube to a current of moist chlorine gas. Osmic acid is formed, which volatilises, 
and can be condensed and fixed by passing the fumes into a solution of caustic 
potash. Iridium remains behind in the tube as a double chloride, 2KCl,TrCl4. 
This salt is obtained in reddish-hlacTc regular octahedra, by recry stallisation 
from water. The alkaline solution is evaporated with excess of sal-ammoniac, 
and leaves on ignition of the dry residue, and extraction with water, metallic 
osmium, as a black powder, or grey, and with metallic lustre. The densest 
metal has a sf)ecific gravity of 21 * 4 . Intense white heat volatilises the metal, 
but does not melt it. In contact with air, it bums the more readily the finer 
the metal is divided, and is converted ifito osmfe anhydride, Red 

fuming nitric acid, or aqua regia, dissolves osmium likewise, and oxidizes it to 
OSO4. Very intensely ignited, osmium is rendered insoluble in acids, and has to 
be fused with nitre, and then distilled with nitric acid, when OSO4 distils over. 

Osmium combines with oxygen, or chlorine, etc., in several proportions, 
thus : — 


Osmious oxide 0s"0 Osmious chloride. . . . Os"Cl 2 

Osmic „ 'Os'" 203 Osmic „ (not 'Ob"' 2 C 16 , 6 KC 1 

•* isolated) 

Osmic dioxide 0 s *''02 Osmic tetrachloride. . Os*^Cl4 

Osmious anhydride . . Ob^^Os — 

Osmic anhydride .... 0 b'^*^^04 — 


The two highest oxides combine with bases, and form offmttes and unstable 
osmates. OSO4 is remarkable for its peculiar, exceedingly irritating, and offensive 
odour, resembling that of Cl and I. It attacks the mucous membrane and the 
lungs, and is excessively poisonous. It is absorbed by water, and is precipitated 
from its solutions by all metals, even by mercury and silver, as a black metallic 
powder. On heating a mixture of finely-divided osmium, or of the sulphide, with 
potassic chloride in a stream of chlorine gas, a double chloride, OB2CI66KCI, 
3OH2, is obtained, which crystallises from water in dark red-brown, regular 
octahedra. The salt is insoluble in alcohol. 

The solution of this double chloride is more stable than that of the osmium 
chlorides, and may conv^iiiently be employed for studying the reactions. 

EEACTIONS IN THE WET WAY. 

SH2, or SAm2, gives a brownish-blade sulphide, Ob"S, which only sepa- 
rates when a strong acid is present. The precipitate is insoluble in 
SAm2. 
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KHo, or NaHoi AmHo, or OOK02) produces a hrownish-red precipitate of 
hydrated osmic dioxide, Ob^^Ho4. 

On fusing the double chloride with OONaos, dark grey OsOa is obtained. 

Heated with tannic acid, or alcohol, with addition of HCl, the double chlo- 
ride is reduced to the blue osmious chloride, Os'’Cl2. 

A solution which contains osmic acid (an osmate) is remarkable for its great 
oxidlsina power. It decolorises indigo solution, separates iodine from KI, 
converts alcohol into aldehyde and acetic acid. Sodic sulphite yields a deep 
violet coloration, and dark blue osmious sulphite, SOOso^', gradually sepa- 
mtes. Ferrous sulphate produces a black precipitate of OSO2. Stannous chlo- 
ride produces a brown precipitate, soluble in HCl, to a brown fluid. All 
compounds of osmium yield the metal when ignited in a current of hydrogen. 


4. RDTHENIum, Eu", and also a pseudo-triad. Atomic weight, 
104*4. — Found in small quantity only, in that portion of the platinum ores which 
remains behind, after treating with aqua regia. It is a greyish-white metal, 
closely resembling iridium, and very difficultly fusible. When heated in the air 
it becomes covered with bluish-black ruthenlc oxide, Itu203, insoluble in acids. 
When pure, it is insoluble in acids, being barely acted upon by aqua regia ; 
fusion with hydric potassic sulphate even remains without action upon it. 

It is attacked, either by fusion with caustic potash and nitre, or potassic 
chlorate, and is converted thereby into potai^Klc ruthenate, Ru''*02Ko2, a dark 
green mass, soluble in water to an orange coloured fluid, whicli tinges the skin 
black, from separation of black ruthenic oxide. Acids (N‘02Ho) throw down the 
black hydrate. • 

Or it may be rendered soluble by ignition with potassic chloride in a current 
of chlorine gas, being thus converted into potassic rutlieiilc chloride, 
2KCl,Rui^Cl4- 

Euthenium forms several oxides, chlorides, etc., thus : — 


Euthenious oxide Ru"0. 

Euthenic „ 'Ru'"203 

Euthenic dioxide Bu*’^02 

Euthenic trioxide Ru^^Os 

(anhydride). 

Euthenic tetroxide Ru^^^^O^ 


(perruthenic anhydride). 


Euthenious chloride .... Ru"Cl2 

Ruthenic chloride 'Ru'"2Cl( 

Ruthenic tetrachloride . . Ru*^Cl4 

(known only in combination). 


REACTIONS IN TH^ WET WAY. 

We may employ a solution of Ruthenic Chloride, 'Ru"' 2C1(5, prepared 
by dissolving in HCl the ruthenic hydrate, precipitated by nitric acid, from a 
solution of potassic ruthenate. It forms an orange-yellow coloured solution, 
which on heating is resolved into HCl andRu203. 

SH2 produces at first no precipitate, but after some time the fluid acquires an 
axu-reblue tint, and deposits brown ruthenic sulphide, RU2S8. This 
reaction is very delicate and characteristic. 

SAm2 produces a brownish-black precipitate, difficultly soluble in excess. 

KHo precipitates black ruthenic hydrate, RujHoe, insoluble in alkalies, 
but soluble in acids. ' 

CyKs produces, in the absence of other platinum metals, after some time a 
red coloration, which gradually changes to purple-red^ and, upon heating, 
to Bijine violet tint (very characteristic), ^ 

RCl, or AmCl, produces in concentrated solutions crystalline glossy violet 
precipitates of the double chlorides, difficultly soluble in* water, in- 
soluble in alcohol. They are decomposed on boiling with water, with 
separation of black ruthenious oxychloride. 

NOEo forms a double salt, 8NOE0, HsOsEuo^^^, readily soluble in an excess 
of the alkaline nitrite. On the addition of a few drops of colourless 8Ain2, 
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the solution assumes a splendid da^Tc red colour, changing to hrown^ with- 
out precipitation of sulphide. 

Metallic zinc produces at first a fine azure-hlue coloration (owing to the reduc- 
tion of 'Bu'" 2C1(5 to Ru"Ol2), which subsequently disappears, ruthenium 
being deposited in the metallic state. 


^B.) As Sulphides, soluble in yellow ammonic sulphide : — -Iridium, 
Molybdenum, Tellurium, and Selenium. 


1. IRIDIUm, Ir", and also as a pseudo-triad. Atomic weight, 198. — 
Found in platinum ores alloyed with platinum, chiefly, however, in combination 
with osmium, left behind as a native alloy in the form of very hard metallic - 
looking brittle grains, when the ore is treated with aqua regia. In this con- 
dition, or when reduced at a red heat by hydrogen, from any of its compounds, 
it is insoluble in every acid. Fusion with acid potassic sulphate oxidises, but does 
not dissolve it (Distinction from Rh). When fused with caustic soda in a 
silver crucible with access of air or with sodic nitrate, it is likewise oxidised, 
but the compound of Ir208 and soda is only partially soluble in water. By the 
action of aqua regia the latter is dissolved to a deep black liquid, containing the 
double chloride of Iridium and sodium, 2NaCl,IrCl4. This same com- 
pound is also obtained when a mixture of the iridium powder and dry sodic 
chloride is heated in a glass or porcelain tube in a current of clilorino gas, anti 
the residue dissolved out with water. 

Iridium forms numerous compounds with oxygen, chlorine, iodine, sulphur, 
etc., in which the metal exists as a dyad, pseudo-triad, tetrad, or hexad, as will 
be seen from the following list : — ** 

Oxides. 


Iridious oxide 

Iridic „ , 

Iridic dioxide (most stable) 

„ hydrate (bulky, indigo coloured) 

Iridic anhydride (not known in the free state) .... 


Ir"0. 

'Ir"'20.v 

Ir^vOg. 

Ir^'^Ho4. 

Irvi03. 


Chlorides. Iodides. 

^ Ir^Cls. ^ 

'Ir-sClg. 'Ir'Vo. 

Ir*vCl4. 


Sulphides. 

f 

Ir"S greyish-black. 
'Ir"''2S3 brownish-black. 


All iridium chlorides are capable of forming crystalline double chlorides with 
the ohlorides of the alkali metals. 


REACTIONS IN THE WET WAY. ^ 

A Solution of the double Chloride of Sodium and Iridium, 
2NaCl,IrCl4, may conveniently be employed. 

SH2 first decolorises the iridium solution, with separation of sulphur and 
reduction of the Ir^^CLj to 'Ir'"2Cl6, and finally precipitates brown Iridic 
aulpblde, ^Ir%Ss. 

SAm2 produces the same precipitate, readily soluble in excess. 

£lHo or NaHo, added in excess, colours the solution greenish, and precipi- 
tates a little brownish-black potaaslc double chloride. On heating 
the liquid wit^ exposure to the air, it acquires at first a reddish tint, 
which changes afterwards to azwre-blue (Distinction from Pt), and 
wheA evaporated to dryness and taken up with water, a colourless solution 
is obtained, and a blue deposit of Iridic dioxide is left undissolved. 

£C1 precipitates dark brown potassic iridic chloride, 2£Cl,lrCl4, in- 
soluble in a concentrated solution of potassic chloride. 

AtaOl throws down from concentrated smutions a dark red powder, consist- 
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ing of small octahedral crystals of the ammdnfe double chloride, 
2AmCl,IrOl4, insoluble in a concentrated solution of the precipitant. 

Reducing agents^ such as potassic nitrite, oxalic acid, ferrous sulphate, 
stannous chloride, mercurous nitrate, reduce this double salt (as well as 
the potassic double chloride) especially when in hot solutions, to the sesqui- 
salt, e.g , : — 

2(2KCl,Ir*^Cl4) + 4NOKo - 6KCl,'Ir"'2Cl6 + 2NO2K0 + N3O3. 

The double chloride crystallises out on cooling. 

When Ir^'^Ho4 is suspended in a solution of potassic nitrite, and the solution 
saturated with sulphurous acid and boiled, with renewal of the water, as long as 
SO2 is given off, the whole of the iridium is converted into insoluble brownish- 
green iridic aulphite, SO(IrO)"o",40H2 (Sepaeation from Pt). 

Metallic zinc precipitates black metallic iridium. 

N’ote. — For the separation of the so-called platinum metals we must refer 
the student to some larger work on Chemistry, such as “ Watts* Dictionary.’* 


2. ]IIOLYBDENU9f, Mo", and also as a pseudo-triad. Atomic 
weight 96. — Occurs only in a few minerals, more especially in molybdic disul- 
phide {Molybdenite, resembling graphite, and as plumbic molybdate 

{wulfenite, or yellow lead ore), MoO^Pbo". 

Molybdic anhydride, M0O3, serves for the iDreparation of ammonic molybdate, 
a reagent largely used now in determining phosjdioric acid, and best obtained 
from molybdenite, by first roasting the ore, at a red heat, in an open vessel, 
and dissolving the impure anhydride in strong ammonia. An acid ammonic 
r Mo 03 Amo 

molybdate, “S O -i- OH3, crystallises out, on cooling, in large trans- 

it MoOsAmo 

parent crj^stals. The metal is prepared by intensely heating the oxide in a 
charcoal-lined crucible. It is a silver-white, brittle and exceedingly infusible 
metal, of specific gravity 8 6. It is not affected by exposure to the air, but when 
heated it becomes first brown, then blue, and finally wliite, passing through 
various stages of oxidation till it is converted into molybdic anhydride, M0O3. 
Molybdenum is insoluble in HCl, but is acted upon by NO2H0, or aqua regia, 
being converted into the anhydride, if sufficient nitric acid be present. 

It forms with oxygen, chlorine, sulphur, etc., compounds in which the metal 
exists as a dyad, pseudo- triad, tetrad, hexad, and octad ; thus : — 


Oxides. 

A 

Molybdous oxide, Mo"0. 
Molybdic „ 'Mo'^sOa- 

Molybdic dioxide, 

Molybdic trioxide 

or anhydride, M0O3. 


Chloridfes. 

f * ^ 

Mo"Cl2. 


Sulphides. 

( > 


Mo'^Cl4. (the native molybdenite), 

— (sulphomolybdic anhy- 

— dride). 

Mo''*^^S 4 (per - suliihomolyhdic 
anhydride). 


The higher oxide (anhydride) and sulphides form oxy- and sulpho- salts, — 
molybdates and sulpho-molybdates, Black molybdous hydrate, Mo^Hoj, forms 
with acids molybdous salts, which absorb oxygen readily from the air, and are 
powerful reducing agents. The principal salts are, however, the molybdates. 

EEACTIOl^S IN THE DEY WAY. • 

Molybdic anhydride, when heated on charcoal, in the outer flame, first melts, 
and is then partly volatilised and forms a yellow crystalline sublimate on the 
charcoal which turns white, on cooling ; in the inner flame it is reduced to the 
metallic state (even without CONaos) ; the metal can be obtained as a grey 
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powder, on leyigating the charcoal. With borax, all oxides of molybdenum give 
in the outer flame a bead which is yellow^ when hot, and colourless^ on coolmg ; 
in the inner flame, a darJc-hrown bead, which is opaque, when excess of molyb- 
denum has been used. 

EBACTIONS IN THE WET WAY. 

We employ A solution of Ammonic Molybdate. 

The alkaline molybdates are soluble in water. Most others are insoluble. 

Nitric, or hydrochloric acid, precipitates white molybdic acid, HoOsHo^, 
from a concentrated solution of a molybdate, soluble, howeyer, in a large 
excess of the acid. 

SHg gradually precipitates from acidulated solutions hrownish-hlacJc molyb- 
die tersulphide, M0S3, soluble in alkaline sulphides to sulpho-salts, 
which are decomposed again by acids with precipitation of M0S3, espe- 
cially on the application of heat. On the addition of a little SH 2 only, 
the molybdate solution acquires at first a blue tint ; added in larger 
quantities, it produces a precipitate, and the supernatant fluid appears 
green, till on the addition of excess of SHg the whole of the metal sepa- 
rates, though slowly, as a tersulphide. 

SAm 2 gives a similar precipitate, soluble in excess. 

Beducinir agents, such as SnCl 2 , N 204 Hg 20 ^^ Zn and HCl, etc., produce 
changes, marked chiefly by alterations in colour. 

The principal and most characteristic reaction for molybdic anhydride con- 
sists, however, in precipitating it in a nitric 0 cid solution, as yellow plios- 
pho-molybdate, or arsenlo-molybdate, by the addition of a mere 
trace of a soluble phosphate, or arsenate. (Comp. p. 142.) 

3. TEIiLURIUM, Te", and Atomic weight 128. — Occurs in a few 
places, and in small quantities only, as native metal (graphic and foliated tellu^ 
rium)\ more often in combination with Au, Ag, Bi, Pb, as a {sulpho)~telluride, 
analogous to arsenides, etc. ; or as tblli/eous acid, in combination with metallic 

bases. 

Tellurium exhibits all the physical properties of a metal, and resembles anti- 
mony in its general appearance. It is a white, brittle, but readily fusible metal, 
which may be sublimed in a glass tube. When heated in the air it burns with a 
greenish-blue flame, emitting thick white funjes of telluruus anhydride, Te02, 
The metal is insoluble in HCl, but dissolves readily in NOgHo, forming Te02, 8- 
white substance which fuses to a yellow fluid, at a gentle heat, and volatilises on 
stronger ignition in the air. Tellurous anhydride dissolves barely in water, and 
the solution does not redden litmus ; readily in HCl, less so in NO 2 H 0 . It also 
dissolves freely in potash, or soda, slowly in ammonia, forming alkaline tellurites. 
On dilution with water, white tellurous hydrate, TeOHo 2 , is precipitated from 
an acid solution. A nitric acid solution slowly deposits crystalline tellurous 
anhydride, even without the addition of water. 

Tellurium forms several oxides, chlorides, sulphides, etc.», in which the metal 
is a dyad, tetrad, or hexad ; thus : — 

Oxides. 


Tellurous oxide (anhydride) .... 

„ acid 

Telluric oxide (anhydride) 

. „ acid 


r \ 

TeTO2. 

TeOHo2. 

Te^^Os. 

Te02Ho2. 


Chlorides. 

Sulphides. 

1 

Tellurous, or dichloride 

Telluric, or tetrachloride 

'TeCl^. ’ 

ToSq. 

TeSg. 

It also forms with Iwdrogen a gaseous compound, tellurietted hydrogen or) 
hydrotelluric acid), Te"H 2 . 
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Both the di- and ter-oiides are capable of forming with metallic bases salts 
called tellurites and tellurates. The alkaline and alkaline earthy tellurites — 
formed by fusing tellurous acid with the carbonates of these metals — are all 
more or less soluble in water ; all others obtained by double decomposition are 
insoluble. The tellurates of the alkali metals, prepared in like manner, are also 
soluble in water ; the others are insoluble. They can be prepared by double 
decomposition. 

The sulphides of this metal act as sulpho-acids, forming with the alkaline sul- 
phides, sul'pho-telluriies and tellurates. 

BEACTIONS IN THE HEY WAY. 

When tellurites, or tellurates, are heated with charcoal and COK 02 , they are 
reduced to potasalc tellurlde, which produces a black stain on a moist 

silver plate, and is soluble in water, forming a dark-red solution. When HCl is 
added to this solulion hydrotellurlc acid 8 pa§, Te"Il2, is evolved, resembling 
SHj in smell, and soluble in water, to a pale-red solution, which is decomposed in 
contact with air, with deposition of metallic tellurium. 

All compounds of tellurium are readily reduced on charcoal in the inner 
flame. The reduced metal is volatilised and forms a white scarcely visible deposit 
of tellurous anhydride on the charcoal. Stannous chloride colours it black, owing 
to the separation of metallic tellurium. 

With borax or microcosmic salt a clear colourless bead is obtained, which when 
heated on charcoal, is rendered grey and opaque, owing to reduced metal. 

EEACTIONS IN THE WET WAY. 

A. TELLURIC COMPOUNDS. — USE A BOLTTTTON OF POTASSIC TeL- 
LUEATE, Te02Ko2 (obtained by fusing potassic tellurite \<ith nitre). 

IICl does not decompose tellurates in the cold, but on boiling the solution 
chlorine is evolved, and on dilution with water tellurous acid, TeOHo 2 ,i s 
precipitated, soluble only in a considerable excess of HCl. (Distinction 

oPTeOs FEOM Te02.) 

B. TELLUROUS COMPOUNDS. — UsE A SOLUTION OF Potassic Tel- 
LUEITE, TeOKOg. 

HCl decomposes this solution and precipitates white tellurous acid. Tel- 
lurium resembles in this respect Sb and Bi compounds. 

SH 2 precipitates from acid solutions brown tellurous sulphide, TeS 2 , 
resembling in colour SnS, and very freely soluble in ammonic sulphide. 

Reducing aprents, e.g.y SONao 2 ) SnClo, metallic zinc and HCl, a solution 
of sulphurous acid, etc., reduce tellurium compounds and precipitate black 
metallic tellurium, which is insoluble in an aqueous solution of potassic 
cyanide. • 

4. SELENIUM, Se", and Atomic weight, 79. — Found native^ also 
as SELENIDE of Cu, Pb, Hg, Ag, Fe, etc. It is occasionally found in the flue-dust 
of roasting funfaces, and as a seleniferous deposit in the lead chambers of sul- 
phuric acid works, where the acid is manufactjired from seleniferous pyrites. 

It resembles the non-metallic element, sulphur, in many respects, e.g.y in 
exhibiting alike allotropic changes ; in others the metal tellurium. It is a brittle 
dark-brovm substance, fuses at 200° C., and vaporises at about 700° C., and may 
be sublimed. Heated in air it bums with a bluish flam^ and forms seleniouR 
anhydride, Se02, whilst at the same time a disagreeable odour of decaying 
horse-raddish is given off. The same oxide is formed when selenium is dissolved 
in nitric acid, or aqua regia. Selenates containing selenlc anhydride, SeOs, 
are formed by heating selenium, or its compounds, vrith carbonates and nitrates 
of the alkalies. These oxides form two series of salts, viz., selenites and selenates. 
The selenites are the more stable of the two. 
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EEACTIONS IN THE DET WAT. 

Selenium compounds are reduced, when heated with OONao2, on charcoal, in 
the inner blowpipe flame, and may be readily recognised by the characteristic 
smell of horse-raddish which they give ofP. Ii the sSine residue, which contains 
sodic selenide, SeNag, be placed on a bright silver coin and moistened with a drop 
of water, a black stain is produced on the silver. Treated with dilute HCl, it 
evolves gaseous hydroselenlc acid (sclenietted hydrogen), Sen2, analogous in 
composition and properties to sulphuretted hydrogen. It is an inflammable, 
foetid, poisonous gas, very soluble in water. The aqueous solution of SeHj 
gradually deposits selenium on exposure to air ; it precipitates selenides from 
solutions of many metallic salts. 

EEACTIONS IN THE WET WAT. 

A. 8ELENIC COMPOUNDS.— Use A SOLUTION op Potassio Selenate, 
Se02Xo2. 

Selenates are stable salts, closely resembling the sulphates. They are soluble 
in water with the exception of the barium, strontium, calcium and lead salts, 
which are insoluble in water and in dilute acids. 

HCl decomposes selenates, on boiling ; chlorine is evolved, and the salt is 
reduced to a selenite. (Distinction peom Se02.) 

SHg does not produce a precipitate, till the selenate has been reduced to 
selenite, by boiling with HCl. 

BaCl2 produces a white precipitate of Daric selenate, Se0.2Bao", insoluble 
in water and in dilute acids ; decomposed by boiling HCl. 

B. SEIiENIOUS COMPOUNDS. — USE A SOLUTION OF AN AlKALINE 
Selenite. 

The normal alkaline sclenites are soluble in water, most others are insoluble ; 
all acid selenites arc soluble. HCl dissolves but does not decompose selonites. 

SH2 produces from an acid solution of a selenite, a lemon-yelhw precipitate 
of selenlous sulphide, 8082 (?), which almost immediately breaks up 
into its component elements Se + S2, but is readily soluble in ammonic sul- 
phide. 

BaCL gives a white precipitate of baric selenite^ SeOBao'', soluble in dilute 
HCl, or NO3H0. 

Reducfnir agents, such as SO2, alkaline sulphites, SnCl2, metallic Zn, and 
Fe, precipitate from acidulated (HCl) solutions metallic selenium, as a 
red powder, which turns grey at a high temperature and is soluble in KCy 
solution. (S02Feo" is without action.) Metallic copper is immediately 
coated black when placed in a warm solution containing hydrochloric acid, 
and on standing, the solution turns light red, from separation of metallic 
selenium. 


Group I comprises the E>are Metals precipitable by HCl, viz., 
the metal Tungsten, or Wolfram, which is precipitated as tungstic 
acid, WO2H02, and TnALLitM precipitated as thallious chloride, TlCl. 
Several other metals already treated of in Group III besides 
Thallium, viz.. Niobium, Tantalum, Molybdenum, are likewise pre- 
cipitated, but the precipitated acids (Nb02Ho, Ta02Ho and 
M0O2H02) dissolve again in an excess of %drochloric acid. 

1. TUNC'STEN, or WOLFRAM, and Atomic weight 184. — This 
metal occurs in nature as teroxide in the form of tungstates, in combination with 
the bases OaO, FeO, MnO, in the minerals wolfram^ WO2 [Feo" Mno"] and 
tungsten^ W02Cao". 

The melal can bo obtained by intensely heating the oxide in a current of 
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hydrogen. It forms an iron-grey powder, very difficultly fusible, and becomes 
again oxidised to tungstic anhydride, WOs, when heated in air. Dry chlorine 
gas converts it into dark violet^ WCl^, which sublimes, and a more volatile red 
compound, 'WGI4. Both chlorides are decomposed by water into the correspond- 
ing hydrates, with formation of HCl. The metal is insoluble, or scarcely soluble, 
in acids, even in aqua regia. 

The following are some of the more important compounds which tungsten 
forms with oxygen, chlorine, and sulphur. 


Oxides. Chlorides. Sulphides. 

Tungstic anhydride (lemon-yellow) .... 

Tungstic dioxide (brownish-black) .... 

Intermediate (blue-coloured) oxide .... WoOg. 

= W*v02,Wvi03 

Tungstic anhydride can be prej)ared from wolfram or tungstm^ by digesting 
the finely divided mineral in aqua regia, till it is completely decomposed, and 
evaporating to dryness on a water-bath. The metallic chlorides are dissolved 
out with acidulated water, and the residue, which contains a little silica and 
sometimes niobic acid, washed with alcohol and treated with ammonia. Tungstic 
acid is dissolved, and silicic and niobic acids are left behind. From the ammonia 
salt, pure anhydride is obtained by the evaporation of the filtrate and ignition. 

EE ACTIONS IN THE DET WAY. 

When heated on charcoal in the reducing flame, together with CONao2 and 
KCy, tungstic anhydride is reduced to a black pow^der, containing metallic 
tungsten. Heated with microcosmic salt, tungsten compounds give a colourless 
bead in the outer flame ; in the inner flame a blue bead, which on the addition 
of a little SOaFeo" changes to blood-red. The addition of tin changes the red 
bead to blue or green. • 


W^^Clfl 

W‘^014. 

WClg. 

= WCl4,WOl6. 




EBAOTIONS IN THE WET WAY. 

We may employ a solution op Sodic Tungstate, W02Nao2. 

The alkaline tungstates are soluble in water, all others are insoluble, and can 
be obtained by double decomposition. 

mineral acids (HCl, NOgHo, or SO2H02) precipitate tunirstic acid, 
WO2H02. It turns yellow on boiling, and is quite insoluble in excess of the 
acids. (Distinction feom M0O3.) Non-volatilo acids (e.g., phosphoric, tar- 
taric) precipitate it likewise, but the precipitate is soluble in excess. It is also 
readily soluble in AmHo. 

SH2 produces no precipitate from an acid solution, but reduces the tungstic 
acid to the blue oxide, W2O6. 

SAm2 produces no precipitate from alkaline tungstates, but on acidulating 
with HCl, light brown tunir<*tlc tersulphlde, WSa, is precipitated, 
slightly soluble in pure water, but insoluble in the presence of salts. The 
solution is coloured blue. The precipitated sulphide dissolves readily in 
ammonic sulphide. 

SnCl2 gives at first a yellow precipitate; on acidulating with HCl and 
applying heat, the precipitate acquires a beautiful blue colour. This 
reaction is very delicate and highly characteristic. 
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REAGENTS. 

SOLVENTS. 

Distilled Water.* — Obtained by condensing st eam by means of a tin worm. 
The first portions of the condensed water usually contain carbonic anhydride and 
amraonic carbonate, and should be rejected. 

Impurities . — ^When evaporated in a platinum vessel, distilled water should 
not leave a solid residue, either organic or mineral. Ammonic sulphide ought 
not to give a precipitate (Cu, Pb, Fe), neither ought basic plumbic acetate to 
cause a turbidity (OO 2 , COAmOa). No turbidity or precipitate should be pro- 
duced, moreover, on the addition of ammonic oxalate (lime), baric chloride (sul- 
phates), or argentic nitrate (chlorides). Pure distilled water is colourless, 
inodorous, and tasteless. 

Water used for Nessler’s test should be specially distilled in a glass retort 
with a few pieces of caustic potash, and the distillate rejected as long as the 
Nessler solution indicates any traces of ammonia. 

Alcohol (methylated Spirit), C 2 H 6 H 0 or EtHo. — Ordinary methylated 
spirit (i.c., ethylic alcohol, 90 p. c., mixed with 10 p. c. of wood spirit or methylic 
alcohol) may be employed for most purposes. It can be rendered absolute by 
shaking with well dried potassic carboiiate and distilling the clear spirit in a fiask 
or retort from a water-bath. 

Impurities . — Commercial methylated spirit frequently leaves a residue on 
evaporation, if so, it should be rectified by distillation. It should be without 
action upon litmus papers. 

Ether, OEt 2 . — The ordinal^. ether (methylated, i.e.^ prepared from methy- 
lated alcohol) of commerce, is pure enough. 

ACIDS. 

Sulphuric Acid,* SO 2 H 02 . — Common oil of vitriol may be used in all 
operations with which its usual impurities (lead, arsenic, iron, lime, nitric acid) do 
not interfere. Sulphuric acid, free from arsenic, should be eipployed for genera- 
ting arsenietted or antimonietted hydrogen, and an acid free from lead, whenever 
this metal has to be precipitated as sulphate. Sulphuric acid, free from nitric 
acid and nitric peroxide, ought to be employed in testing for nitric acid by means 
of ferrous sulphate. 

Impurities , — Pure sulphuric acid is colourless, and leaves no residue on evapo- 
ration in a porcelain dish. When a solution of ferrous sulphate is poured upon it 
in a narrow test-tube, it should not form a brown ring where the two liquids 
come in contact (nitric acid and nitric peroxide), nor strike a blue colour when a 
highly diluted solution of the acid is added to a solution of pure potassic iodide 
and starch paste (nitric peroxide) . The presence of arsenic is best ascertained 
by passing a current of sulphuretted hydrogen through the dilute acid, or by 
generating liydrogen from zinc free from arsenic, and passing the gas through an 
ignited combustion tube (Marsh’s test, Fig. 14) . Plumbic sulphate is frequently 
found in sulphuric acid, and is precipitated on diluting with water, being less 


* The asterisk marks the more important reagents. 
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soluble in dilute than in concentrated acid. Hydrochloric acid should cause no 
turbidity (lead) where the two liquids meet. 

The pure acid can readily be bought now, and the student should not attempt 
to purify the crude acid. 

Dilute Sulphuric Acid.* — Prepared by pouring slowly one part by 
measure of the concentrated acid (sp. gr. 1*8) into five parts by measure of dis- 
tiUed water, with continuous stirring. Tliin glass vessels (beakers) or a porcelain 
dish should be employed, as much heat is evolved. Allow the plumbic sulphate 
to subside, and decant or syphon ofi* the clear liquid. 

Witrlc Acid,* Aqua fortis^ NO^Ho. — Should be colourless, and leave no 
residue on evaporation in a glass dish. 

Impurities . — Sulphuric and hydrochloric acids. Dilute considerably, and test 
portions with baric nitrate and argentic nitrate. 

Dilute Nitric Acid.* — Prepared by diluting one part of pure commercial 
acid (sp. gr. 1*38 to 1 * 45 ) with three parts of distilled water. 

Crude Nitric Acid.* — May be employed for all experiments in which the 
above impurities do not interfere, e.g.y in the preparation of N2O2 or N2O3 by 
the action of nitric acid upon copper or arsenious anhydride. 

Concentrated Hydrochloric Acid,* niurlatlc Acid, HCl. — Should be 
colourless, and leave no residue on evaporation. 

Impurities . — ^Ferric chloride, sulphurous and sulphuric acids, arsenic. The 
acid should not impart a blue colour to ft solution of KI and starch paste (Cl or 
Pe2Clg). On adding a few drops of a solution containing iodide of starch, the 
blue colour should not be destroyed (SO2). The dilute acid should remain clear 
on the addition of a solution of baric chloride (SO2II02) . Sulphuretted hydro- 
gen, when passed through the dilute acid, should not produce a precipitate 
(arsenic), nor should ammonic sulphocyan»te redden the diluted acid (iron). 

Dilute Hydrochloric Acid.*— Pure commercial acid, sp. gr. 1 * 16 , is diluted 
with three times its bulk of distilled water. 

Crude Hydrochloric AcliL*— Should be employed whenever the impuri- 
ties which it contains do not interfere with the object in view, as for instance in 
the preparation of chlorine from manganic dioxide. 

Aqua Regrla or Nltrohydrochlorlc Acid. — Prepared, when required 
only, by mixing one part of concentrated nitric acid with three to four parts of 
hydrochloric acid. 

Sulphurous Acid, SOH02. — Prepared by acting with concentrated sul- 
phuric acid upon copper, and passing the gas into water. The solution should 
be kept in a well-stoppdred bottle. 

Carbonic Acid Water. — A solution is prepared by acting with hydro- 
chloric acid upon marble, and passing the evolved carbonic anhydride into 
water. 

Chlorine Water. — A solution of chlorine in water is readily prepared. It 
should be kept in a weU-stoppered bottle, and in a dark place, sin(^e on exposure 
to light, it is speedily converted into HCl with evolution of oxygen. 

Acetic Acld,*|QQ^^. Pure commercial acid of sp. ^r. 1 * 04 , diluted with 

one part of water may be used. It should leave no residue on evaporation. 

Impmities . — Sulphuric and hydrochloric acids, lead, copper, iron, lime. 

Tartaric Acid, TH02. — A solution is prepared when required only, as the 
acid undergoes decomposition in an aqueous solution. One part by wdght of 

B 
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commmial tartanio acid of sufficient |Karity is dissolyed in tliree paats of water 
(i.e,, 1 grm. in 3 o.c. of water). 

Impunties.-^Tartaxic add contains sometimes gypsum and oaldc tartrate, 
which are best tested for by igniting a few crystals on platinum, extracting the 
residue, if any, with a few drops of dilute HCl, and adding to one portion BaCl2T 

to another AmHo, and qq^^q. 

Oxalie Acid, cOHo’ commercial acid is sufficiently pure. It should 

not leave more than a trace of a residue on ignition. 

Impuritiea.— Irony potassic and sodic oxalates, lime. Dissolve one part by 

weight of the crystallized acid, + 2 aq., in ten parl.s by measure of 

water. 

Hydrofluoric Acid, HP. — A solution stored up in a gutta-percha bottle is 
best bought, as its preparation involves expensive apparatus. It should leave no 
fixed residue on evaporation to dryness. 

Hydrofluofiflicic Acid, 2lIP,SiF4.— A solution of this acid in water is pre- 
pared as described, p. 138. It should be made sufficiently strong to precipitate 
a soluble baric salt readily. 

Impurities . — Owing to the mode of preparation the acid is often contaminated 
with sulphuric acid. It should not produce a precipitate in a solution of a strontic 
salt (SOoHoa). 

Hydrosulpliuric Acid, SH2. — Prepared when required. In well ap- 
pointed laboratories sulphuretted hydrogen is now usually stored in a gasholder 
over oil, and supplied like coal gas from small taps, in closets, connected with the 
chimney. The gas, whether obtaine<j from a constant generating apparatus, or 
from a gasholder, should invariably be passed through a wash-bottle containing 
water. A saturated solution of sulphuretted hydrogen in water answers most 
purposes of the analyst. It should be kept in a well -stoppered bottle, since 
sulphuretted hydrogen decomposes rapidly when in contact with air with forma- 
tion of sulphur acids and precipitation of white sulphur. 

If the gas be required entirely free from AsH^ it should be generated by 
acting with pure HCl (concentrated) upon native grey antimony SbQS^. 

BASES AND METALS. 

Potassic Hydrate^'*' KHo, or Sodic Hydrate, NaHo. — Usually obtained 
in commerce in the form of sticks or lumps, which may be dissolved in twenty 
parts of water. 

Impurities. — Silica, alumina, phosphoric, sulphuric, and hydrochloric acids 
(siJphates and chlorides, often in not inconsiderable quantities), and carbonic 
acid. On dissolving in water, and allowing the suspended matter to subside, the 
clear solution may be syphoned off. 

Pure sodic hydrate is indispensable for the separation of alumina from the 
oxides of iron and chromium. 

Anunonlc Hydrate,’*^ AmHo. — The liquor ammonias of commerce, sp. gr, 
*88, is diluted with distilled water till the liquid has a sp. gr. of ’96 » 10 ^r 
cent, of NH3. 

Impurities . — ^A solution of ammonia should he colourless ; on neutralizing 
with pure^HCl it should remain inodorous. When evaporated in a glass or 
platinum dish, it should not leave any residue. Ammonia contains frequently 
traces of sulphuric and hydrochloric acids, and sometimes not inconsiderable 
quantities of ammonic carbonate, when it produces a white precipitate on the 
addition of lime water. 
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Baric Hydrate,* BaHo2. — Obtained by disBolying in a stoppered bottle one 
part of crystallized baric hydrate, BaHo2 + 8aq. in twenty parts of water. Allow 
to subside and syphon off into another well-stoppered bottle. 

Impwrities . — The solution commonly called haryta-water should, on precipi- 
tating with pure SO2H92) give a filtrate which leaves no fixed residue on evapo- 
rating to dryness in a platinum vessel. 

Calcic Hydrate,* CaIIo2. — Freshly slaked lime in powder is used in qualita- 
tive analysis, as well as a solution of lime, so-called Hme-water, This is prepared 
by dissolving in cold distilled water some freshly slaked lime, allowing to subside 
in a stoppered bottle, and syphoning off the clear liquid into another bottle. Lime- 
water contains about one part of lime dissolved in 600 of water. 

Ammonlc Sulphide,* SAm^. — Prepared by saturating three parts of 
amnionic hydrate with sulphuretted hydrogen gas, whereby SHAm is formed. 
On diluting this solution of hydric ammonic sulphide with two parts of ammonie 
hydrate, a sulphide is obtained which contains a little free ammonia. The con- 
centrated solution may bo diluted wdth ten times its bulk of water. It should be 
kept in well-stoppored bottles. Calcic or magnesic salts should not be precipi- 
tated ; nor should the solution leave a residue on evaporation and ignition. The 
oxygen of the air decomposes it gradually into NH3, OII2 and yellow SSAm2. 

Yellow Ammonic Sulphide, SSAm2. — Used for the solution and conver- 
sion of SnS into SnS2. It may bo prepared by digesting the neutral SAm2 with 
flowers of sulphur and filtering the liquid. 

Sodic hulphide, SNa2. — Prepared* by saturating one portion of a solution 
of sodic hydrate with sulphuretted hydrogen, and adding to it the second portion. 
A little ferrous sulphide, which is generally precipitated, is filtered off. The 
solution must be kept in a well-stoppered bottle. 


SALTS. 


Potasslc Sulphate, SO2E02. — Dissolve one part of the commercial salt in 
twelve parts of water. 

Potassic Iodide, KI. -The commercial salt is generally sufficiently pure. 
Dissolve in sixty parts of water. Pure KI should be free from iodate and 
carbonate. It should not colour starch paste blue on the addition of dilute 
SO3H02. 

Potasalc Nitrite, NOKo. — Dissolve one part of the commercial salt in two 
parts of water, when required for use. 

Potassic Chromate, Cr02Ko2.-- Dissolve the salt of commerce in ten parts 
of water. 

Impurities . — Sulphifric acid. The solution ought not to become turbid on 
the addition of dilute HCl and BaCLj. 


Dlpotasslc Diehromate, CT2O5K02. — Purify the commercial salt by recrys- 
tallisation till it is free from SO2K02, and dissolve one part in ten of water. 


Potassic Hetantimonate, 8^02X0 -1- 5 aq. — Prepared by deflagrating in 
a Hessian crucible one part of finely powdered antimony with four parts of salt- 
petre. Pour the fused mass on a stone slab. Powder it, and boil with twelve 
parts of water for two or three hours, and filter, when a clear and neutral solution 
is obtained. KOI and AmCl should not precipitate it. ^ 


Potassic Ferrocyaulde,* £^FeCy«, and Ferricyanide, K«Fe2Clyi3- — These 
salts can be purchased in a state of sufficient purity. They are dissolved, in small 
quantities at a time, in twelve parts of water. 


Potassic Sulphocyanate, CyKs, or Ammonic Sniphocymnate CyAms. 

— Dissolve in ten parts of water. 

B 2 
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Impurities^ such as SO^Ho^) do not interfere with the reactions. 

Sodtc Carbonate,* OONao2. — Procure the pure salt, which should be free 
from sulphate and chloride. The solution should not give a precipitate after 
conversion into a nitrate, when treated with concentrated NOgHo and Mo02Amo2, 
and should not leave a residue, insoluble in water, on acidulating with pure HCl 
and evaporating to dryness (Si02). 

Dissolve the dry salt in five parts of water. 

Hydrlc Dlsodic Phosphate,* POHoNao2 + 12 aq. — RecrystaUize the com- 
mercial salt and dissolve one part of pure salt in ten parts of water. 

Impurities. — Sulphate and chloride. — Ammonic hydrate should not cause any 
turbidity on warming (alkaline earthy phosphates), 
r QTT 

Sodic Acetate, -< ooNao ^ ^ commercial salt generally contains 

Bodic sulphate. If a pure salt cannot be procured, sodic acetate may be prepared 
by neutralising pure sodic carbonate with pure acetic acid. Dissolve the salt in 
ton parts of water. 

Sodic Acetate and Acetic Acid. — Dissolve 20 grms. of pure crystal- 
OONao water, and add 40 c.c. of concentrated 

r err 

1 OOHo' solution is used for the precipitation of ferric, aluminic, and 

chromic phosphates. 

Hydric Sodic Sulphite, SOHoNao. — Dissolve one part of the salt in five 
parts of water. Hydric ammonic sulpliito may frequently be used with greater 
advantage. 

Sodic Hyposulphite, SSONao2 + 5 aq. — Readily procurable in a pure state. 
Dissolve one part of the salt in forty ^parts of water. 

Sodic Hypochlorite, ClNao. — Prepared by shaking up one part of bleach- 
ing powder with ten parts of water, and adding a saturated solution of commer- 
cial sodic carbonate as long as a precipitate is produced. Allow to subside, and 
syphon of!'. 

Ammonic Oxalate,* oOAmo — Pnrify the commercial salt by re- 

crystallization and dissolve one part in twenty-four parts of water. 

Impurities. — The salt should leave no fixed residue on ignition. Sulphuretted 
hydrogen or ammonic sulphide ought not to produce a turbidity or a precipitate. 

Ammonic Carbonate,* OOAmo2. — Prepared by dissolving one part of the 
commercial sesquicarbonate, after scraping off from the lumps any foreign matter, 
in four parts of water and adding one part of strong ammonia solution. If a 
precipitate of ferric hydrate be thrown down, it is aUQt^ed to subside, and the 
clear solution is syphoned off. 

Impurities. — Iron, lead, sulphuric and hydrochloric acids. The salt should 
volatilize completely and give no precipitate with baric chloride, or argentic nitrate 
(after acidulating with hydrochloric or nitric acid respectively) , also no precipi- 
tate with sulphuretted hydrogen or ammonic sulphide. 

Hydric Ammonic Carbonate. COHoAmo. — Obtained in colourless 
rhombic prisms, on passing carbonic anhydride to supersaturation into a 
concentrated solution of ammonia. The salt is employed for the separation of 
AS2S8 from Sb2S8 and 81182. A saturated solution is prepared when required. 

Ammonic Chloride,* AmCl. — The commercial salt (sal-ammoniac) usually 
contains iron. Purify by adding to the solution a little ammonic hydrate. 
Allow the ferric hydrate to subside and neutralize the alkaline filtrate exactly 
with pure HCl. Tiie salt should leave no fixed residue on ignition. Dissolve in 
five parts of water. 
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Ammonlc Molybdate, Mo02Amo2. — This salt may be purchased. It is 
dissolved in strong ammonia and allowed to stand for some time. A slight yellow 
precipitate containing ferric hydrate, usually subsides. The clear fluid is poured 
into concentrated nitric acid as long as the molybdic acid which at first precipi- 
tates is entirely redissolved. The nitric acid solution should remain colourless on 
boiling. A yellow precipitate indicates contamination with phosphoric acid, and 
the reagent should not be used, till it remains clear on digestion. 

Ammonlc Sulphate, S02Amo2. — Recrystallize the commercial salt from 
an ammoniacal solution in order to separate iron. Keep a saturated solution for 
use. 

Ammonlc Nitrate, N02Amo. — ^The commercial salt is dissolved, when 
required, to a saturated solution. It should leave no residue when ignited on 
platinum. 

Baric Chloride/ BaCl 2 + 2 aq. The commercial salt is rarely pure 
enough, and not unfrequently contains lead. It should not give a precipitate 
with sulphu]*etted hydrogen or ammonic sulphide, nor should a residue be left 
after precipitating the whole of the barium by pure sulphuric acid and evapo- 
rating the filtrate in a platinum dish. Purify, if necessary, by passing a current 
of sidphuretrod hydrogen, filtering and recrystallizing. Dissolve in ten parts of 
water. 

Baric Nitrate, N 204 Bao". — Should not be precipitated by argentic 
nitrate, as it is sometimes employed, instead of baric chloride, in order to avoid 
introducing any chlorine into a solution. Pure baric acetate answers the same 
purpose. For other impurities, test a» for baric chloride. Dissolve one part in 
15 parts of water. 

Baric Carbonate,* COBao". — ^Prepared by precipitation of pure baric 
chloride with Ammonic carbonate and AmHo. Wash well till free from AmCl ; 
stir up the preci 2 )itatod baric carbonate with water to a thick creamy con- 
sistency, and keep it for use in a 8toj)pered bottle. Shake up before using this 
reagent. 

Calcic Chloride,* OaCl 2 + 6 aq. — The commercial salt is dissolved in five 
parts of water. The solution should be neutral to test-papers, and should not be 
precipitated by ammonic sulphide (iron). 

Calcic Sulphate, S02Cao". — A saturated solution is prepared by repeatedly 
shaking up gypsum (SOHo 2 Cao" + aq.) with water, allowing to subside, and 
syphoning ofl' the clear liquid. ^ 

Masnesic Sulphate. — Dissolve the commercial salt (SOHo 2 Mgo" + 6 aq.) 
(recrystallized, if necessary) in ten parts of water. 

Magnesia Mixture. — Dissolve 55 gms. of crystallized MfirCl 2 in distilled 
water, add 70 grms. of AmCl and 350 c.c. of concentrated solution of ammonic 
hydrate, and make up to 1 litre. 

Ferrous Sulphate. — The commercial salt (SOIIo 2 Feo'' + 6 aq.) is pure 
enough. Dissolve as required for use in ten parts of water. 

Ferric Chloride,* Fe 2 Cl 6 . — Prepared by dissolving freshly precipitated and 
well washed Fe 2 Ho 6 in pure HCl, keeping the ferric hydrate in excess. Allow 
to cool, dilute with an equal bulk of water and filter. 

Plumbic Acetate,* ( | ^^^Pbo.". Dissolve th^commeroial salt in ten 

parts of water. • 

Argentic Nitrate,* N02Ago. — Prepared either from silver (pure), or from 
a silver alloy (a silver coin), by cSssolving in pure nitric acid, and precipitation as 
AgCl. Filter off the cupric salt, and wash thoroughly with hot water ; transfer 
to a porcelain dish, and introduce clean strips of zinc. Collet the finely divided 
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silver on a filter, waflh thoroughly with hot water, acidulated with a little sulphuric 
acid, and dissolve in dilute nitric acid. Evaporate the solution to dryness, and 
fuse the residue gently. Dissolve in twenty parts of water. 

HerciiMiia Nitrate. — Dissolve the crystals of the commercial salt 
NO 

^Q^Hggo" + 2 aq., in 20 parts of cold water, acidulated with 1*2 parts of nitric 
acid. Keep some metallic mercury in the filtered solution. 

Mercuric Chlcrlde, HgrCl^. — Dissolve the commercial corrosive sublimate 
in twenty parts of water. 

Nessler’s Solution. — Dissolve 3*5 grms. of KI in 10 c.c. of water ; next 
dissolve 1*6 grm. of HfirClg in 30 c.c. of water : add the mercury solution gradu- 
ally, and with continuous agitation to the solution of potassic iodide, until the 
precipitate ceases to be re-dissolvOd ; then add 60 c.c. of potassic hydrate and 
filter. Keep in a small bottle, out of contact with ammonia fumes. 

This reagent is of great value for the detection of mere traces of ammonia. 

Cupric Sulphate. — The commercial salt (SOHo 2 Cho^^ + 4 aq.) is purified 
by repeated crystallisation. Dissolve the crystals in ten parts of water. 

Impurities. — Iron, zinc. 

Cupric Chloride, CuCla- — Prepared by dissolving cupric oxide in HCl. 

Cuprous Chloride, 'Cu' 2 Cl 2 * — Obtained by digesting CuCl 2 with metallic 
copper and HCL 

Stannous Chloride, SnCl 2 . — Prepared by boiling pure granulated tin in 
concentrated HCl, with the aid of a pidbe of platinum foil. Dilute with four 
volumes of water, acidulated with HCl. Keep the filtered solution over granu- 
lated tin in a small stoppered bottle. 

Auric Chloride, AuClj. — Prepared by dissolving pure gold in aqua regia, 
evaporating to dryness on a water-bath •‘and dissolving in water. 

Platini c Chloride, PtCl 4 . — Dissolve some platinum scraps in aqua regia. 
Precipitate with AmCl. Collect precipitate on a Swedish .filter-paper; wash 
with strong alcohol ; dry and ignite in a porcelain crucible, gently at first, and 
lastly to intense redness. Redissolve the spongy platinum in aqua regia. Evapo- 
rate repeatedly to djyness on a water-bath, with addition of HCl. Dissolve in 
ten parts of water. Pure platinic chloride should dissolve completely in pure 
alcohol. 


METALS AND OXIDES. 

ZinCy free from arsenic, granulated, and in the form of strii^s or sticks. 

Iron {steel) i copper , tin^ lead, platinum (used in the form of wire, bars, sheet, 
turnings) and mercury can be obtained of sufficient purity for the purposes of 
qualitative analysis. 

Metallic Lead free from Silver. — Prepared by precipitation of plumbic 
acetate by metallic zinc. 

Plumbic Dioxide, Pb02. — Readily prepared by digesting icd lead in 
boiling dilute nitric acid. The brown powder is well washed by decantation, and 
lastly on the filter. 

Manaanlc Dioxide, Mn02. — Use the powdered commercial black oxide. 

Hydric Peroxide, O 2 H 2 , or Hog. — A solution may be prepared by passing 
a current of 'carbonic anhydride through water in which baric peroxide is sus- 
pended. The precipitated bario carbonate is filtered off. Tbe (vmimeroial article 
usually contidns alittle Iree mineral acid, such as HOI or SOjEo^ added in order 
to prevent its sppntMieoaB decomposition. HydrofinoaUicic acid is also some* 
times met with, used probaldy (in excess) to vemovaany soluble^ barium salt. 
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Reagents used for Fusions and for Blowpipe Reactions, 

Sodic Carbonate,* CONao-j. — Should be free from sulphate aad chloride. 

Fusion ^fixture* or White Flux. — Consisting of dry OONao^ and 
OOX 02 , mixed in the proportion of their combining weights, i.e,y 106 -f 138, or 
in the proportion of 10 to 13. 

Pure carbonates free from silica, chlorides, and sulphates, should be pro- 
cured, as their purification cannot be effected without using silver and platinum 
vessels. 

Black Flux. — Prepared by igniting crystals of Rochelle salt (potassic sodic 
tartrate) in a platinum crucible. The residue consists of carbon and alkaline 
carbonates, 

Hydrlc Ammoulo Sodic Phosphate,* POHoAmoNao + 8 aq. (illlcro- 
cosmlc Salt), — The salt should be dried and used in the form of a powder. 
On being heated in a loop of platinum wire it is converted into POgNao, 

Potassic Cyanide,* KCy. — Exceedingly useful for reducing metallic oxides 
and sulphides, either in the crucible or on charcoal. For blowpipe reactions a 
mixture of equal parts of KCy and CONao 2 (or fusion mixture), is preferable, 
because it sinks readily into the charcoal and yields metallic globules of great 
purity. For the separation of Ni and Co the salt is dissolved, when requir^, in 
twenty parts of cold water, as its aqueous solution is rapidly decomposed. 

Potassic Nitrate,* NO 2 K 0 . — Used as an oxidizing agent. The commer- 
cial salt should be purified by dissolving the crystals in hot water to a saturated 
solution, and allowing to cool in a porc^ain disli with continuous stirring. The 
nitrate falls out first as a fine wliite powder, and the impurities, e.g.y phosphate, 
sulphate, or chloride, are left in the mother-liquor. 

Potassic Chlorate,* qkV — readily be obtained pure, j.e., 

free from chloride. Either by itself, or in conjunction with hydrochloric acid, it 
serves as a powerful oxidizing agent. 

Borax,* B 405 Nao 2 + 10 aq. — The crystals should be gently heated in a 
platinum crucible till the water of crystallization has been driven off, and the 
mass kept powdered and ready for use in blowpipe reactions. 

Hydrlc Potassic Sulphate, SO 2 H 0 K 0 . — Prepared by heating in a plati- 
num dish 87 parts of normal potassic sulphate with 49 parts of pure sulphuric 
acid, till the clear mass fuses steadily, ^ur out on a porcelain slab, and keep 
the lumps in a bottle. 

Cohalt oua Nitrate, N 2 O 4 C 00 ". — Used in solution only. Should be free 
from other metals. Dissolve the commercial salt in ten parts of water. 

Vegetable Golov/ring Matters, — Test-papers, 

Litmus Solution. — Its preparation lias been described in my Introduction to 
Inorganic Chemistry, p. 9. 

Turmeric Paper.— Prepared by digesting at ^ gentle heat one part of turmeric 
root with six parts of alcohol. Filter and soak strips of porous paper with the 
yellow extract. The dried papers should exhibit a fine yellow tint. Like litmus- 
papers, they serve for the detection of free alkalies. All test-papers should be 
kept in well-stoppered bottles or wooden boxes. 

Indigo Solution. — Prepared by gradually stirring four1;o six parts oi fuming 
sulphuric acid into one part of finely divided indigo, and allowing th» mixture to 
stand for 48 hours, before pouring it into 20 parts of water. Filter, and keep for 
use in a dark place. The solution of indigo is used for detecting nitric acid, 
chloric acid, and free chlorine, owing to the formation of products of oxidation of 
a yellow colour^ 
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APPENDIX IV. 

(A.) EXAMINATION OF A SIMPLE SALT. 

Pebliminart Examination for Base. 

Substance given : white crystalline, readily soluble in water, 
reaction of solution alkaline. 


Experiment. 

^ Observation. 

Inference. 

Heated some of t-lie pow- 
dered substance in a dry 
test-tube. 

Oave off water ; fused ; 
was slightly blackened ; 
gave off CO, burning 
with a blue flame. 

Oxalate, formate. 

1 

Treated residue with water, 
and filtered. Tested with 
litmus paper. 

The residue dissolved ; 
the solution reacted 
strongly alkaline. 


Added dilute HCl. . 

Effervescence, whilst be- 
fore ignition the sub- 
stancfidid not effervesce. 

Alkaline oxalate. 

Tested HCl extract on pla- 1 
tinuin wire in a Bunsen’s 
gas dame. i 

Violet flame 

1 

• 

Potassium. 


Examination op Solution for Base. 


Added HCl. 


No pp. Ab- 
sence of 

Added a solution of SHj to the same solution. 

Group I. 

No pp. Ab- 
sence of 
Group II. 

To a fresh portion of the solution added AmCl, 
AmHo, and SAiiig. 


• 

No pp. Ab- 
sence of 

To the same solution added COAmoo. 

i 

1 


Group III. 

No pp. Ab- 
sence of 
Group IV. 

• 

1 

The solution may con- 
tain — 

ligrO, OKg, ONaj. 
Tested a fresh por- 
tion of solution 8i)e- 
cially for K by adding 
HCl and PtCl 4 , yeU 
low crystalline preci- 
pitate. 





Presence of K. 
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Preliminary Examination for Acid. 


Experiment, 

Observation. 

Inference. 

Treated a portion of the 
powdered substance with 
concentrated SO2H02. 

Passed gases into lime- 
water and applied a light 
to the unabsorbed gas. 

CO and CO2 given off, 
with slight blackening 
of substance. 

White precipitate in lime- 
water; gas burnt with 
blue flame. 

From decomposition of 
oxalate. 


Examination of Solution for Acid. 


Acidulated with 
HCl. 

Acidulated with 
NOjHo. 

Acidulated with ^ cqjJq 

No precipitates. 

No precipitates. 

CaCl2 a white pp. 
SOgCao" „ 




Presence of - 

r coHo. 
iCOHo 


Pound Potasslc Oxalate. 


(B.) EXAMINATION OF A COMPOUND SUBSTANCE. 

Preliminary Examination for Bases. 

Compound given : a dirty white powder. 


V/l/OC'l VUil/iUU. 


xuitjrtJliut?. 




Heated some of the pow- 
dered subgtance in a diy 
test-tube. 


Heated a portion of the 
substance, mixed with 
OONao2, in a bulb-tube. 

Heated some of the pow- 
dered substance on char- 
coal before the blowpipe 
dame. • 


Substance fused. Gave 
heayy white fumes, 
which cbndensed in the 
upper part of the tube. 

Gave off reddish-brown 
fumes and a gas which 
supported combustion. 
The residue was yel- 
lowish, whilst hot, dirty 
white, on cooliiig. 

NH3 giTcn off. Mirror 
and metallic globules. 

Substance gave off heavy 
fumes, and was partly 
reduced to the metallic 
state. The metal was 
malleable; the incrus- 
tation yellow. 

A portion of the ignited 
mass appeared strongly 
luminous. 


Compounds of Am, 
Hg, As, etc. 


From decomposition of 
nitrates of Pb, Bi, 
•etc. 


Am and Hg com- 
pounds. 

Pb. 


Alkaline earthy bases. 
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Examinatiojj of Solution for Bases. . 

Substance dissolved partly in water, partly in HCl with evolution 
of OO2. On mixing the two solutions, acicular crystals of 
PbCh fell out. Filtered ofP. Confirmed presence of lead by 
means of Cr02Ko2 or SO2H02. 


Passed a current of SH* 


A black pp. 1 

Evaporated filtrate to dryness, with a few drops of NO2H0. 
Took up with dilute HCl. Added AmCl, AmHo, and SAm^. 


No pp. 

Absence of Group HI. 

To the same solution added OOAmo2. 



A white pp. 

i 

On evaporating filtrate to 
dryness, and igniting, 
no fixed residue was 
left. 

Absence of Mir, K, Na. 


Examination of Precipitate produced in Group II. 


Washed precipitate till free from HCl^ and boiled with SAm2. 


Residue. — Boiled with NOoHo. Diluted with OII2, and 
added dilute SO2H02, and methylated spirit. Filtered. 


Residue. — Boiled in ammonic acetate, 
and filtered. 


Residue. — Dried and 
ignited in a bulb- 
tube, with dry 
CONa02. Metallic 
mirror and glo- 
bules. Presence 
of Hg. 


Solution. — Added 
Cr02Ko2, yel- 
’ low precipitate. 

Presence of 
Pb. 


Solution. — SII2 ad- 
ded to a portion 
of solution gave no 
precipitate. Ab- 
sence of Bl, Cu, 
Cd. 


Solution. — Acidu- 
lated with dilute 
HCl. No yellow 
precipitate. Ab- 
sence of As, Sb, 
and Sn. 


Examination op Precipitate produced in Group IV. 


Dissolved precipitate in a little dilute HCl. Tested la portion of the solution 
with S 02 Cao'' — no precipitate, even after some time. Absence Oif Ba and Sr. 
Confirmed presence of Ca by adding to another portion of the solution AmHo 

{Sir- A white precipitate. Presence of Ca. 
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Preliminary Examination for Acids. 


Experiment. 

Observation. 

Inference. 

Treated with dilute HCl. 

Effervescence. The gas 
precipitated lime-water. 

0 

D 

Treated with concentrated 
SO2H02. 

Cl and nitrous fumes. 

HCl and NOiHo. 

Confirmed HCl by heating 
substance with M11O2, 
and SO2H02. 

Chlorine evolved. 

HCl. 

Ditto NO2H0 by means of 
SO2H02 and S02Feo". 

A brown ring was formed. 

NO2H0. 


Examination of Solution for Acids. 


Prepared solution by boiling some of the powder with a solution of 
CONao2 ; filtered and acidulated with — 


HCl. 

WrOsHo. 

1 

rcH, . 

L OOHo 

Neutral solution. 

No precipitates. 

NO2 A go, white curdy 
pp., soluble in 
AmHo. Presence 
of HCl. 

No precipitates. 

No precipitates. 


Found — Bases ; HgrO, PbO, CaO, OAnig. 
Acids : CO2, NO2H0, IICl. 
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Hardwich’s Photography, by Dawson 
Huxley’s Anatomy of Vertebrates... 

Do. Classification of Animals ... 

Kay-Shuttleworth’s Modern Chemistry 
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C. L. Bloxam 

CHEMISTRY, INORGANIC and ORGANIC. 

With Experiments. By Charles L. Bloxam, Professor of Chemistry in 
King’s College, London ; Professor of Chemistry in the Department for 
Artillery Studies, Woolwich. Third Edition. With .295 Engravings. 

[8vo, 1 6s. 

It has been the author’s endeavour to produce a Treatise on Chemistry sufficiently 
comprehensive for those studying the science as a branch of general education, and one 
which a student may peruse with advantage before commencing his chemical studies at 
one of the colleges or medical schools, where he will abandon it for the more advanced 
work placed in his hands by the professor. The special attention devoted to Metallurgy 
and some other branches of Applied Chemistry renders the work especially useful to those 
who are being educated for employment in manufacture. 

** Professor Bloxam has given us a most is astonishing how much information he often 
excellent and useful practical treatise. His conveys in a few paragraphs. We might 
666 pages are crowded with facts and expe- quote fifty instances of this. ” — Chemical 
riments, nearly all well chosen, and many Nexvs. 
quite new, even to scientific men. . . It 

By the same Author 

LABORATORY TEACHING: Or, Progressive Exercises in 

Practical Chenjistry, with Analytical Tables. Third Edition. With 89 
Engravings ..... Crown 8vo, 5 s. 6d. 

This work is intended for use in the chemical laboratory by those who are com- 
mencing the study of practical chemistry. It does not presuppose any knowledge of 
chemistry on the part of the pupil, and does not enter into any theoretical speculations. 
It dispenses with the use of all costly apparatus and chemicals, and is divided into 
separate exercises or lessons, with examples for practice, to facilitate the instruction of large 
classes. The method of instruction here followed has been adopted by the author, 
after twenty-three years’ experience as a teacher in the laboratory. 


J, Campbell Brown 

ANALYTICAL TABLES for STUDENTS of PRACTICAfe 

CHEMISTRY. By J. Campbell Brown, D.Sc. Lond., F.C.S., 

[8vo, 2s. 6d. 
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Albert J. Bernays 

NOTES FOR STUDENTS IN CHEMISTRY: Being a 

, Syllabus of Chemistry and Practical Chemistry. By Albert J. Bernays, 
Professor of Chemistry at St. Thomases Hospital. Fifth Edition. 

[Fcap 8vo, 3s. 6d. 

A new feature is an Appendix giving the doses of the chief chemical preparations 
of the “Materia Medica.” 

“ The new notation and nomenclature are book, and a close revision of the whole.’*—' 
now exclusively used. We notice additional Scientific Opinion, 
notes in apparently every paragraph in the 


John E, Bowman and C. Z. Bloxam 

PRACTICAL CHEMISTRY, Including Analysis. 
By John E. Bowman and C. L. Bloxam. Sixth Edition. With 98 
Engravings .... Fcap 8vo, 6s. 6d. 

The intention of this work is to furnish to the beginner a text-book of the prac- 
tical minuticE of the laboratory. The various processes employed in analysis, or whicli 
have been devised for the illustration of the principles of the science, are explained in lan- 
guage as simple as possible. This edition has been embellished with a large number of 
additional wood engravings from sketches made in the laboratory. 

Frank Clowes 

PRACTICAL CHEMISTRY AND QUALITATIVE 
INORGANIC ANALYSIS. By Frank Clowes, B. Sc. Lond., F.C.S. 
Lond. and Berlin. Second Edition. With 46 Engravings . Crown 8vo 

\In the Press, 

*** This work is an Elementary Treatise specially adapted for use in the Laboratories 
of Schools and Colleges, and by beginners. 

G, Fownes 

A MANUAL OF ELEMENTARY CHEMISTRY, 
Theoretical and Practical, By G. Fownes, F.R.S. Edited by Henry Watts, 
B.A., F.R,S. Eleventh Edition. With 163 Engravings. Crown 8vo, 15s. 


Edward Frankland 

BOW TO TEACH CHEMISTRY: Hints to Science 
Teachers and Students. Six Lectures by Edward Frankland, D.C.L , 
F.R.S., Summarised and Edited by George Chaloner, F.C.S. With 
47 Engravings .... Crown 8vo, 3s. 6d. 

^ Remigius Fresenius 

QUALITATIVE ANALYSIS. By C. Remigius Fresenius. 

Edited by Arthur Vacher. Ninth Edition, with Coloured Plate of Spectra 
and 47 Engravings .... 8vo, 12s. 6d. 

« By the same Author 

QUANTITATIVE ANALYSIS. Edited by Arthur Vacher. 

Seventh Edition. Vol. I. With 106 Engravings. . . 8vo, 155. 
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Robert Galloway 

THE FIRST STEP IN CHEMISTRY : A New Method for 
Teaching the Elements of the Science. By Robert Galloway, Professor 
of Applied Chemistry in the Royal College of Science for Ireland. Fourth 
Edition, with Engravings . . . Fcap 8vo, 6s. 6d. 

By the same Author 

A MANUAL OF QUALITATIVE ANALYSIS. 

Fifth Edition, with Engravings . . Post 8vo, 8s. 6d. 


Also 

CHEMICAL TABLES ACCORDING TO THE OLD 

NOTATION. On Five Large Sheets, for School and Lecture Rooms. 
Second Edition . . . . The Set, 4s. 6d. 

“ We can always give praise to Mr. Gal- “ Mr. Galloway has done much to simplify 
loway’s educational works. They are inva- the study of chemistry by the instructive 
riably written on a system and founded on manner in which he places the principal 
experience, and the teaching is clear, and details of the science before his readers.” 
in general complete .” — Chemical Netus, -^British Medical JournaL 

T. Griffiths 

CHEMISTRY OF THE FOUR SEASONS : Spring, Summer, 

Autumn, Winter. By T. Griffiths. Second Edition, with Engravings. 

• [Fcap 8vo, 7s. 6d. 


U. J, Kay-SJmttleworth 

FIRST PRINCIPLES OF MODERN CHEMISTRY. 

By U. J. Kay-Shuttleworth, M.P. Second Edition. Crown 8vo, 4s. 6d. 

“ We can recommend the book.” — “Deserving warmest commendation.”— 

Athenaum, • Popular Science Rev, 


A, H, Kollmyer 

CHEMIA COART ATA; or, the Key to Modern Chemistry. 
By A. H. Kollmyer, A.M., M.D., Professor of Materia Medica and 
Therapeutics at Montreal. New Edition . . 8vo, 7s. 6d, 

Francis Stitton 

HANDBOOK OF VOLUMETRIC ANALYSIS; 

or, the Quantitative Estimation of Chemical Substances by Measure applied 
to Liquids, Solids, and Gases. By Francj^ Sutton, F.C.S., Public 
Analyst for the County of Norfolk. Thircf Edition. With 74 Engravings. 

8vo, 15s. 

*** This work is adapted to the requirements of pure Chemical Research, Pathological 
Chemistry, Pharmacy, Metallurgy, Manufacturing Chemistry, Photography, etc., and fjr 
the Valuation of Substances used in Commerce, Agriculture, and the Arts. 

“Mr. Sutton has rendered an essential service by the compilation of hfe work.” — 
Chemical News* 
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W. G. Valentin 

INTRODUCTION TO INORGANIC CHEMISTRY. By 

Wm. G. Valentin, F.C.S., Principal Demonstrator of Practical Che- 
mistry in the Royal School of Mines and Science Training Schools, 
South Kensington. Third Edition. With 82 Engravings 8vo, 6s. 6d. 

Also 

QUALITATIVE CHEMICAL ANALYSIS. Fourth Edition. 

With 19 Engravings 8vo, 7s. 6d. 

Also 

TABLES FOR THE QUALITATIVE ANALYSIS OF 

SIMPLE AND COMPOUND SUBSTANCES, both in the Dry and Wet 
Way. On indestructible paper . . . 8vo, 2s. 6d, 

0 

jR. Wagner and W, Crookes 

HANDBOOK OF CHEMICAL TECHNOLOGY. By 
Rudolf Wagner, Ph.D., Professor of Chemical Technology at the 
University of Wurtzburg. Translated and Edited from the Eighth German 
Edition, with Extensive Additions, by William Crookes, F.R.S. With 
336 Engravings ....... 8vo, 25s. 

The design of this work is to show the a^lication of the science of chemistry to 
the various manufactures and industries. The subjects are treated of in eight divisions, 
as follows : — i. Chemical Metallurgy, Alloys, and Preparations made and obtained from 
Metals. 2. Crude Materials and Products of Chemical Industry. 3. Glass, Ceramic 
Ware, Gypsum, Lime, Mortar. 4. Vegetable Fibres. 5. Animal Substances. 6. Dye- 
ing and Calico Printing. 7. Artificial Light. 8. Fuel and Heating Apparatus. 

“Full and exact in its information on “ Mr. Crookes deserves praise, not only 
almost every point. ” — Engineer. for the excellence of his translation, but 

“ This book will permanently take its ako for the original matter he has added.’* 
place among our manuals.” — Natu 7 'e. — Ameiican Journal of Science and Arts, 


R, V, Ttison ^ 

COOLEY’S CYCLOPiEDIA OF PRACTICAL 


RECEIPTS, PROCESSES, AND COLLATERAL INFORMATION 
IN THE ARTS, MANUFACTURES, PROFESSIONS, AND 
TRADES : Including Pharmacy and Domestic Economy and Hygiene. 
Designed as a Comprehensive Supplement to the Pharmacopoeias and 
General Book of Reference for the Manufacturer, Tradesman, Amateur, 
and Heads of Families. Fifth Edition, Revised and partly Rewritten by 
Professor Richard V.* Ti^son, F.C.S., assisted by several Scientific 
Contributors * . . . . . 8vo, 28s. 


“ A much improved edition. 

Long recognised as a general book of re- 
ference. ’ ’ — Times, 

* The book is of considerable value for 
household uje, as well as professional pur- 
poses, for it contains a quantity of interest- 
ing information relating to the composition 


of articles in common use as food and 
medicine .” — Pall Mall Gazette. 

“ Other of the articles, as on * brewing,’ 
‘bread,’ etc., are specimens of what cyclo- 
piedic writing should be, being concise and 
thoroughly exhaustive of the practical por- 
tion of the subject.”— Veterinarian, 
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J. Forbes Royle and John Harley 

ROYLE’S MANUAL OF MATERIA MEDICA AND 
THERAPEUTICS. Sixth Edition. By John Harley, M.D. With 
139 Engravings. .... Crown 8vo, 15s. 

“This Manual is, to our minds, unrivalled j and completeness of information.* ---British 
in any language for condensation, accuracy, | Medical JournaL 

W. Southall 

THE ORGANIC MATERIA MEDICA OF THE BRITISH 
PHARMACOPCEIA SYSTEMATICALLY ARRANGED : Together 
with Brief Notices of the Remedies contained in the Indian and United 
States Pharmacopoeias. By W. Southall, F.L.S. . Post 8vo, 2s. 6d. 

0 

J. C Thorowgood 

THE STUDENTS GUIDE TO MATERIA MEDICA. 

Including the New Additions to the British Pharmacopoeia. By John C. 
Thorowgood, M.D. Lond., Lecturer on Materia Medica at the Middlesex 
Hospital. With Engravings . . . Fcap 8vo, 6s. 6d. 

** Students can hardly hope for a more serviceable text-book.” — Practitioner, 

0 

Isamhard Owen 

TABLES OF MATERIA^ MEDICA. Third Edition. 

[Crown 8vo, 2s. 6d. 

C. D, F. Phillips 

MATERIA MEDICA AND THERAPEUTICS: VEGE- 
TABLE KINGDOM. By Charles D. F. Phillips, M.D. 8vo, 15s. 
It is the great distinction of this book that an amount of space is given in it to care- 
ful discussion of the physiological and the therapeutical actions of drugs greater than has 
been given in any previous English text-book of Materia Practitioner. 

^ Adolphe Wahltuch 

A DICTIONARY OF MATERIA MEDICA AND THERA- 
PEUTICS. By Adolphe Wahltuch, M.D, . . . 8vo, 15s. 

The purpose of this work is to give a tabular arrangement of all drugs specified in 
the British Pharmacopoeia of 1867. Every table is divided into six parts ; — (i) The 
Name and Synonyms ; (2) Character and Properties or Compositmt ; (3) Physiological 
Effects and Therapeutics; (4) Form and Doses; (5) Preparations ; (6) Prescriptions, 
Other matter elucidatory of the Pharmacopoeia is added to the work. 

“ A very handy book.” — Lancet, § 

• 

F. Harwood Leschcr 

THE ELEMENTS OF PHARMACY: a Guide to the Prin- 
cipal Points in Materia Midica, Botany, Chemistry, Pharmacy, Prescrip- 
tions, and Dispensing. By F. Harwood Lescher. Fifth Edition 

[Royaf 8vo, 7s. 6d. 
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J. Birkbeck Nevins 

THE PRESCRIBER'S ANALYSIS OF THE BRITISH 

PHARMACOPCEIA. By J. Birkbeck Nevins, M.D. Lond., Lecturer on 
Materia Medica in the Liverpool Royal Infirmary Medical School. Third 
Edition, Revised and Enlarged . • . • Royal 32mo, 3s. 6d. 

(I 

Jonathan Pereira 

SELECTA E PR2ESCRIPTIS : Containing Lists of the Terms, 
Phrases, Contractions, and Abbreviations used in Prescriptions, with Ex- 
planatory Notes; the Grammatical Construction of Prescriptions; Rules 
for the Pronunciation of Pharmaceutical Terms ; a Prosodiacal Vocabulary 
of the Names of Drugs, &c. ; and a Series of Abbreviated Prescriptions 
illustrating the use of the preceding terms. To which is added a Key, con- 
taining the Prescriptions in an Unabbreviated Form, with a Literal Trans- 
lation for the Use of Medical and Pharmaceutical Students. By Jonathan 
Pereira, M.D., F.R.S. Sixteenth Edition .... 32mo, 5s. 

0 

THE PRESCRIBER'S PHARMACOPCEIA : The Medicines 
arranged in Classes according to their Action, with their Composition 
and Doses. By A Practising Physician. Fifth Edition. 

[Fcap i6mo, cloth, 2s. 6d.; roan, with flap and elastic band, 3s. 6d. 

< 

0 

A S, Proctor 

LECTURES ON PRACTICAL PHARMACY. 

By Barnard S. Proctor, Lecturer on Pharmacy at the College of Medi- 
cine, Newcastle-on-Tyne. With 43 Engravings . . 8vo, 12s. 

CONTENTS^ 

Drying— Comminution— Solution - Crystallisation— Precipitation— Diffusion in Liquids, 
Dialysis, Osmosis, &c.— Evaporation, Boiling, Fusion, and Calcination — Distillation and 
Sublimation — Filtration and Percolation— Official Pharmacy — Official Liquors or Solu- 
tions— Official Infusions and Decoctions — Extracts — Spirits, Tinctures, Wines, Vinegars, 
Liniments — Official Products of Distillation and Sublimation — Official Products of Fusion 
— Official Saline Preparations, &c.. Crystallised, Precipitated, Scaled, or Granulated — 
Complex Processes — Dispensing — Reading Autograph Prescriptions — Pills — Powders, 
Ointments, Plasters, Suppositories, &c. — Qualitative Tests of the Pharmacopoeia — Quan- 
titative Testing of the Pharmacopoeia— Pharmacy of Special Drugs. 

“A good specimen of a treatise on Chemistry as applied to a special art.*' — Chemical 
News. 

^ J. B. Smith 

PHARMACEUTICAL GUIDE TO THE FIRST AND 

SECOND EXAMINATIONS. By John Barker Smith. Second 

^^hion Crown 8vo, 6s. 6d. 

« first and second examinations 

Latin Grammar— -Fractions — Metric System — Materia Medica — Botany 
-Pharmacy— Chemistry— Prescriptions. 



Messrs Churchill’s Scientific Works 


ix 




John Steggall 

FIRST LINES FOR CHEMISTS AND DRUGGISTS 

preparing for Examination at the Pharmaceutical Society. By John 
Steggall, M.D. Third Edition i8mo, 3s. 6d. 


CONTENTS 


Notes on the British Pharmacopoeia, the 
Substances arranged alphabetically. 
Table of Preparations, containing Opium, 
Antimony, Mercury, and Arsenic. 
Classification of Plants. 


Thermometers. 

Specific Gravity. 

Weights and Measures. 
Questions on Pharmaceutical 
and Materia Medica. 


Chemistry 


Peter Squire 

COMPANION TO THE BRITISH PHARMACOPOEIA. 

With Practical Hints on Prescribing ; including a Tabular Arrangement 
of Materia Medica for Students, and a Concise Account of the Principal 
Spas of Europe. By Peter Squire, Chemist in Ordinary to the Queen 
and the Prince of Wales ; iXte President of the Pharmaceutical Society. 
Tenth Edition 8vo, los. 6d. 

By the same Author 

PHARMACOPOEIAS OF "THE LONDON HOSPITALS. 

Third Edition. ..... ... Fcap 8vo, 6s. 

*** Mr. Squire has collected all the Formuloe used in twenty-two of the principal 
Hospitals of London, and arranged them in groups of mixtures, gargles, &c., &c. These 
Formulae were revised and approved by the medical staff of each of the Hospitals, and 
may therefore be taken as an excellent guide to the medical practitioner, both as to dose 
and best menstruum in prescribing. * 


William Stowe 

A TOXICOLOGICAL CHART, Exhibiting at one view the 

Symptoms, Treatment, and Mode of Detecting the Various Poisons, 
Mineral, Vegetable, and Animal. To which are added concise Directions 
for the Treatment of Suspended Animation. By William Stowe, 
M.R.C.S.E. Thirteenth Edition . . . . Sheet, 2s. ; Roller, 5s. 


Alfred S, Taylor 

POISONS IN RELATION TO MEDICAL JURIS- 
PRUDENCE AND MEDICINE. By Alfred S. Taylor, M.D., F.R.S., 
Professor of Medical Jurisprudence to Guy^s Hospital. Third Ecjjtion, with 
104 Engravings ..•••••• Crown 8vo, i6s. 
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G» C Wittstein 

PRACTICAL PHARMACEUTICAL CHEMISTRY : An 

Explanation of Chemical and Pharmaceutical Processes ; with the Methods 
of Testing the Purity of the Preparations, deduced from Original Experi* 
ments. By Dr. G. C. Wittstein. Translated from the Second German 

Edition by Stephen Darby i8mo, 6s« 

“It would be impossible too strongly to recommend this work to the beginner, for the 
completeness of its explanations, by following which he will become well grounded 
in practical chemistry .” — From the Introduction by Dr* Bttckner, 


Henry Beasley 


THE POCKET FORMULARY AND SYNOPSIS 
OF THE BRITISH AND FOREIGN PHARMACOPCEIAS : Compris- 
ing Standard and approved Formulae for the Preparations and Compounds 
employed in Medical Practice. By Henry Beasley. Ninth Edition. 


THE 


By the same Au^or 


[i8mo, 6s. 


DRUGGIST’S GENERAL RECEIPT-BOOK: 


Comprising a Copious Veterinary Formulary and Table of Veterinary 
Materia Medica ; Patent and Proprietary Medicines, Druggists’ Nostrums, 
&c. ; Perfumery, Skin Cosmetics, Haif Cosmetics, and Teeth Cosmetics ; 
Beverages, Dietetic Articles and Condiments ; Trade Chemicals, Mis- 
cellaneous Preparations and Compounds used in the Arts, &c. ; with useful 
Memoranda and Tables. Seventh Edition .... i8mo, 6s. 


Also 

THE BOOK OF PRESCRIPTIONS : Containing 3,107 Pre- 
scriptions collected from the Practice of the most eminent Physicians and 
Surgeons, English and Foreign. With an Index of Diseases and Remedies. 
Fifth Edition i8mo, 6s. 6d. 

“Mr.^ Beasley’s 'Pocket Formulary,’ reference admirably suited for the dispens- 
‘ Druggist’s Receipt-Book,’ and ' Book of ing desk .” — Chemist and Druggist, 
Prescriptions’ form a compact library of 


THE PHARMACEUTICAL JOURNAL AND TRANSAC- 

TIONS. Published weekly Price 4d. 


THE YEAR-SOOK OF PHARMACY: Containing the 

Proceedings at the Yearly Meeting of the British Pharmaceutical Con- 
^ ference, and a Report on the Progress of Pharmacy, which includes notices 
of all Pharmaceutical Papers, new Processes, Preparations, and Formulse 
published throughout the world. Published annually in December. 

[8vo, 1870, ’71, ’72, 7s. 6d. each ; 1873, '74? ’75? los. each. 
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i?. V. Tuson 

A PHARMACOPCEIA, INCLUDING THE OUTLINES OF 

MATERIA MEDICA AND THERAPEUTICS, for the Use of Prac- 
titioners and Students of Veterinary Medicine. By RICHARD V. TusON, 
F.C.S., Professor of Chemistry and Materia Medica at the Royal 
Veterinary College. Second Edition . . . Post 8vo, 7s. 6d. 

“ Not only practitioners and students of want in veterinary literature.” — Chemist 
veterinary medicine, but chemists and and Druggist » 

druggists will find that this book supplies a 

Robert Bentley 

A MANUAL OF BOTANY : Including the Structure, Func- 
tions, Classifications, Properties, and uses of Plants. By Robert 
Bentley, F.L.S., Professor of Botany, King’s College, and to the Pharma- 
ceutical Society. Third Edition, with 1,138 Engravings. Crown 8vo, 14s. 
“As the standard manual of botany its position is undisputed.” — Chemist and 
Druggist, 

0 

Robert Berdley and Henry Trimen 

MEDICINAL PLANTS: being Descriptions with Original 
Figures of the Principal Plants employed in Medicine, and an Account 
of their Properties and Uses. By Robert Bentley, F.L.S., Professor 
of Botany in King’s College, ^and to the Pharmaceutical Society ; and 
Henry Trimen, M.B., F.L.S., Lecturer on Botany in St. Mary’s 
Hospital Medical School. In about 40 Monthly Parts, each containing 
8 Coloured Plates. Parts I. to XIII. issued since October, 1875, 5s. each. 
A Prospectus and Specimen Plate will be sent on application. 

Q 

W, B. Carpenter 

THE MICROSCOPE AND ITS REVELATIONS. By 
W. B. Carpenter, M.D., F.R.S. Fifth Edition, with more than 5cx) 
• Engravings Crown 8vo, 15s. 

*** The author has aimed to combine within a moderate compass that information in 
regard to the use of his instrument and its appliances, which is most essential to the 
working microscopist, with such an account of the objects best fitted for his study as may 
qualify him to comprehend what he observes, and thus prepare him to benefit science, 
whilst expanding and refreshing his own mind. , 

J. H. Martin 

A MANUAL OF MICROSCOPIC*M(!)UNTtNG ; with Notes 

on the Collection and Examination of Objects. By John H, Martin, 
author of “ Microscopic Objects.” With upwards of 100 Engravings. 

[8vo, 7s. ^d. 

*** The aim of this work is to supply the student with a concise manual of the prin- 
ciples of microscopic mounting, and to assist his progress in the manual de:fterity, as far 
as illustrations and words render it possible, necessary in their application. 
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THE QUARTERLY JOURNAL OF MICROSCOPICAL 
SCIENCE. (Established in 1852.) Edited by Dr. J. F. Payne, Assistant- 
Physician at St. Thomas's Hospital ; E. Ray Lankester, Professor of 
Zoology and Comparative Anatomy in University College, London ; and 
W. Archer, F.R.S. 

Annual Subscription, 20s. ; Single Numbers, 55. 

*** The Memoirs are, when needful, illustrated by Woodcuts, and Lithographic Plates, 
many of which are Coloured. The Journal contains, in addition, Notes and Memoranda* 
Reviews of Books, Quarterly Chronicle, and Proceedings of Societies. 


S, Messenger Bradley 

MANUAL OF COMPARATIVE ANATOMY AND 
PHYSIOLOGY. By S. Messenger Bradley, F.R.C.S., Senior Assistant 
Surgeon to the Manchester Royal Infirmary. Third Edition, with 61 
Engravings Post 8vo, 6s. 6d. 


A, Chauveau and G, Fleming 

CHAUVEAU’S COMPARATIVE ANATOMY OF THE 

DOMESTICATED ANIMALS. Translated from the Second French 
Edition, and Edited by George Fleming, F.R.G.S., Veterinary Surgeon, 
Royal Engineers ; Author of “ Travels on Horseback in Mantchu Tartary,” 
“Horse-shoes and Horse-shoeing,” “Animal Plagues,” etc. With 450 
Engravings ..... 8vo, ;£i iis. 6d. 

“ Mr. Fleming has earned the gratitude of the whole of his profession by presenting to 
the veterinary surgeon and student, in an English dress, one of the best and most com- 
prehensive of Continental text-books, enriched with additions which prove him to have 
been a conscientious student of the best writers on the Comparative Anatomy of the 
Mammalia. . . We have nothing but praise to bestow on the manner in which 
Mr. Fleming has performed his Medico- Ckirur^al Review,^ 


J, Fayrer 

THE THANATOPHIDIA OF INDIA; being a Description 
of the Venomous Snakes of the Indian Peninsula. With an Account of 
the Influence of their Poison on Life, and a Series of Experiments. By 
Sir J. Fayrer, M.D., K.StI., Honorary Physician to the Queen ; late Presi- 
dent of the Asiatic Society of Bengal. Second Edition, with 31 Plates 
(28 Coloured) Folio, 7/. 7s, 

^ By the same Author 

THE ROYAL TIGER OF BENGAL: His Life and Death. 

With Map and Engravings Crown 8vo, 5s. 
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J. Reay Greene 

TABLES OF ZOOLOGY : indicating the Tribes, Sub-Orders, 
Orders, and Higher Groups of the Animal Kingdom, for Students, 
Lecturers, and others. By J. Reay Greene, M.D., Professor of Natural 
History in the Queen’s University in Ireland. Three large sheets, 5s. 
the set; or, mounted on canvas, with roller and varnished . .12s. 6d. 

*** These Tables have been carefully prepared in accordance with the present state of 
science, and with a view to remove the difficulties which arise from the various opinions 
held by different zoologists. 


T. H. Huxley 

A MANUAL OF THE ANATOMY OF VERTEBRATED 
ANIMALS. By Prof. Huxley, LL.D., F.R.S. With numerous Engrav- 
ings Fcap 8 VO, I2S. 

By the same Author 

INTRODUCTION to the CLASSIFICATION of ANIMALS. 

With Engravings 8vo, 6s, 


W, M. Ord 

NOTES ON COMPARATIVE ANATOMY : a Syllabus of 

a Course of Lectures delivered at St. Thomas’s Hospital. By William 
Miller Ord, M.B. Lond., M.R.C.P., Assistant-Physician to the Hospital, 
and Lecturer in its Medical School Crown 8vo, 5s, 

“Compact, lucid, and well arranged. | “ Wc have gone through it carefully, and 

These Notes will, if well used, be valuable we are thoroughly satisfied with the manner 
to learners, perhaps still more so to j in which the author has discharged his task.* ^ 
teachers.” — Nature, | — Top, Science Review, 


John Shea 

A MANUAL OF ANIMAL PHYSIOLOGY. With Appendix 
of Examination Questions. By John Shea, M.D., B.A. Lond, With 
numerous Engravings Fcap 8vo, Ss. 6d. 


W. Whatley 

THE HUMAN EYE, WITH REMARKS ON THE EYES 
OF INFERIOR ANIMALS : A Popular Description. ByW, Whalley, 
M.R.C.S. With 40 Engravings . . . f'cap 8vo, 3s, 
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Andrew Wilson 

THE STUDENT'S GUIDE TO ZOOLOGY: 

A Manual of the Principles of Zoological Science. By Andrew Wilson, 
Author of Elements of Zoology/* and Lecturer on Zoology, Edinburgh. 

With Engravings Fcap 8vo, 6s. 

** It is alike lucid and well arranged.’*— Times and Gaz. 

“ Really a good book, well and clearly written.” — Edin, Med, Jour, 

“ A trustworthy guide.” — Lancet, 

“The illustrations are clear, and the whole work is elegant and compact.” — Med, 
Chir, Rev, 

VESTIGES of the NATURAL HISTORY OF CREATION. 

With loo Engravings. Eleventh Edition . . Post 8vo, 7s. 6d. 

C. Brooke 

THE ELEMENTS OF NATURAL PHILOSOPHY. By 
Charles Brooke, M.B., M.A., F.R.S. Based on the Work of the late 
Dr. Golding Bird. Seventh Edition, with 700 Engravings. 

0 « In the Press, 

F, Kohlrausck 

AN INTRODUCTION TO PHYSICAL MEASUREMENTS. 

With Appendices on Absolute Electrical Measurement, etc. By Dr. F. 
Kohlrausch. Translated from the Second German Edition by T. H. 
Waller, B.A., B. Sc., and H. R. Procter, F.C.S. With Engravings. 

0 [8vO, I 2 S. 

G, F, Rodwell 

NOTES ON NATURAL PHILOSOPHY: 

Lectures delivered at Guy’s Hospital, by G. F. Rodwell, F.R.A.S., 
Science Master in Marlborough College. With 48 Engravings. 

[Fcap 8vo, 5s. 

“ As an introductory text-book for this the derivations of scientific terms.” — 
Examination [the Preliminary Scientific Nature. ^ 

(M.B.) of the University of London], it is “A well-arranged and carefully-written 
quite the best one we have seen . . The condensation of the leading facts and prin- 
‘ Notes * chiefly consist of lucid and con- ciples of the chief elements of Natural 
cise definitions., and everywhere bristle with Philosophy.” — Chemical News. 

G. Dawson 

MANUAL OF PHOTOGRAPHY. By George 

Dawson, M.A., Ph.D., Lecturer on Photography in King’s College, London. 
Eighth Edition, with En^'avipgs . . Fcap 8vo, 5 s. 6d. 

**The new editionF of this excellent many new methods and materials which 
manual, which is founded on and incorpo- are so frequently being introduced, make it 

rates as much of Hardwich’s ‘ Photographic essential that any book professing to keep 

Chemistry * as is valuable in the present up to the times must be frequently revisecL 
further advanced stage of the art, retains and Dr. Dawson has in this work presented 

its position as the best work on the subject the subject in its most advanced position.*^ • 

for amateurs, cs well as professionals. The — Nature^ May 29, 1873. 
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Lake Price 


A MANUAL OF PHOTOGRAPHIC MANIPULATION. 

By Lake Price. Second Edition, with numerous Engravings. 

[Crown 8vo, 6s. 6d, 


Amongst the Contents are the Practical Treatment of Portraits— Groups in the 
Studio — Landscapes — Groups in Open Air — Instantaneous Pictures — Animals — Architec- 
ture — Marine Subjects — Still Life — Copying of Pictures, Prints, Drawings, Manuscripts, 
Interiors — Stereoscopy in Microphotography, &c., and Notices of the last Inventions 
and Improvements in Lenses, Apparatus, &c. 


** In these days, when nearly every intel- 
ligent person can, after a few weeks, master 
the manipulatory details of our art-science, 
attention to the artistic treatment of sub- 
jects is a matter for the serious considera- 
tion of the Photographer ; and to those who 


desire to enter on this path, Mr. Lake 
Price, in the volume before us, proves 
himself to be ‘a guide, philosopher, and 
friend.’ ” — The British Journal of Photo* 
graphy. 


Cornelius Fox 

OZONE AND ANTOZONE : their History and Nature. By 
Cornelius B. Fox, M.D., Medical Officer of Health for Central and 
East Essex. With Coloured Plates * 8vo, I2S. 6d. 


R, Dunglison > 

MEDICAL LEXICON : A DICTIONARY OF MEDICAL 

SCIENCE.' Containing a Concise Explanation of the various Subjects 
and Terms of Anatomy, Physiology, Pathology, Hygiene, Therapeutics, 
Pharmacology, Pharmacy, Surgery, Obstetrics, Medical Jurisprudence, and 
Dentistry, Notices of Climate and of Mineral Waters, Formulae for Officinal, 
Empirical, and Dietetic Preparations ; with the Accentuation and Etymo- 
logy of the Terms, and the French and other Synonyms. By Robley 
Dunglison, M.D. New Edition, by Richard J. Dunglison, M.D. 

[Royal 8vo (1,130 pp.), 28s. 

The object of the author from the outset has been to make the work an epitome 
of the existing condition of medical science. Starting with this view, the great demand 
which has existed for the work has enabled him, in repeated revisions, to augment its 
completeness and usefulness, until at length it has attained the position of a recognised 
and standard authority, 

0 

R. G. Mayne and J, Mayne 

MEDICAL VOCABULARY : being^ an Explanation of all 
Names and Phrases used in the various* departments^ of Medical Science 
and Practice, giving their Derivation, Meaning, Application, and Pro- 
nunciation. Fourth Edition . . . Fcap 8vo, los. 

** We have referred to this work hundreds Botanical, and Pharmaceutical Terms*are 
of times, and have always obtained the in- to be found on almost every page.’^ — 
formation we required . . , Chemical, Chmkt and Druggist 
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